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Does not create a fire hazard. Ap- 
plied dry or as a spray. 


CHLORAX LIQUID: Similar to 


ATLACIDE: A chlorate weed killer 

.-widely used for non-selective 
eradication of bindweed, Canada 
thistle, quack grass, Johnson grass 
and other tough perennials. Kills 
roots...destroys entire plant. . .dis- 
courages regrowth. Applied as spray 
or in original dry form. 


ATLACIDE WITH 2, 4-D: A com- 
bination of Atlacide and 2,4-D acid. 
Particularly recommended for Can- 
ada thistle control. 


CHLOREA: A uniform, non-sepa- 
rating combination of sodium chlo- 
rate, borate and CMU. Kills all 
types of weeds and grasses. Com- 
bines the proven effectiveness of 
chlorate on deep-rooted weeds with 
the soil-surface action of CMU on 
shallow-rooted grasses and annual 
seedling growth. Has lasting resid- 
ual effect to inhibit new growth. 
Does not create a fire hazard when 
used as directed. Applied dry or as 
a water-mixed spray. For industrial, 
railroad and certain agricuitural 
uses... where eradication of all veg- 
etation is desirable. 


CHLORAX "40": A non-separat- 
ing composition of sodium chlorate 
and borate...for weed and grass 
control. Has a lasting residual effect. 


Write for New Weed Control Booklets 


Chlorax “40”...in liquid form for 
easy mixing with water. 


ATLAS “A”: A 40% sodium arse- 
nite solution (4 lbs. arsenic trioxide 
per gal.). Destroys certain sub- 
mersed vegetation in ponds and 
lakes. Controls crabgrass, chickweed 
and clover in turf. Used as general 
weed killer and to kill trees and 
stumps. Also used to kill potato 
vines prior to harvesting. 


SODIUM ARSENITE: A powder 
containing 75% arsenic trioxide. 
Used for the same purposes as Atlas 
“A”. Applied dry or as a spray. 


2, 4-D WEED KILLERS: Available 
as 2,4-D Amine and 2,4-D Ester liq- 
uids; also 2,4-D Ester dusts. 


METHOXONE: Contains 2 pounds 
of MCP sodium salt r gallon. 
Used for weed small 
grains, flax, rice and grass. Controls 
same weeds as 2,4-D; considered 
safer for selective spraying. 


Low Volatile 2,4,5-T 
Low Volatile Brush Killer 
Sodium TCA 90% IPC 25% Liquid 
Chipman General (Dinitro) 


CHIPMAN CHEMICAL COMPANY, INC. 


Chicago, Ill. 
Palo Alto, Calif. 


BOUND BROOK, N. J. 
Pasadena, Tex. 


Portland, Ore. 
Bessemer, Ala. 


Manufacturers of Weed Killers Since 1912 
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DIAMOND insecticides and herbicides 


are known for dependable potency 


We make 
sure of it 


Diamond's research and development center in Painesville, Ohio 


SSo you can count on peak performance here 


Write for literature on any of our products, and feel free to 
consult our technical staff when you have special problems. 
Your inquiries are welcome. DiaMonp ALKALI Company, 300 
Union Commerce Building, Cleveland 14, Ohio. 


Chemicals 


CHEMICALS 
DIAMOND AGRICULTURAL CHEMICALS 
DDT Miticiwwe K-101 (Ovex) 2,4,5-T Brush Killers 
« BHC ¢ Seed Disinfectant e Grain Fumigants 
e LINDANE 2,4-D Weed Killers 
¢ Wettable powders, emulsifiable and oil solutions; and dust con- 
centrates based on our technical grade chemicals 


and many other chemicals that help farmers, 
gardeners, cattlemen and orchardists. 
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For dependable control of 
weeds, grass and brush 


Use DuPont 
Weed Brush Killers 


CMU Weed Killer clears the ground of vegetation. 
This new, powerful chemical kills weeds and 
grass and prevents regrowth. Just | or 2 lbs. per 1,000 square 


feet may do the job for a year! CMU is non-volatile, non- 
flammable, non-corrosive, easy to use in spray. 


AMM ATE Weed and Brush Killer destroys 
roots and tops so there's little re- 


sprouting. Ideal for killing poison ivy, woody plants and 
clearing rights-of-way. Keeps brush down with little or no 
retreatment necessary. Non-volatile, non-flammable, non- 
poisonous to livestock. 


Other Du Pont Weed and Brush Killers include TCA and 
2,4-D Weed Killers; also 2,4-D —2,4,5-T and 2,4,5-T Brush 
Killers. For details, write Du Pont, Grasselli Chemicals 
Dept., Wilmington, Del. 


MARCA REGISTRADA 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Products for Agriculture from 


.. BY THE MANUFACTURERS OF FAMOUS "20 MULE TEAM" PACKAGE PRODUCTS 


BORASCU®* 

CONCENTRATED BORASCU® 
POLYBOR-CHLORATES®* 
GERSTLEY BORATE 


FERTILIZER BORATE—Regulcr Grade 
Borate Fertilizers | FERTILIZER BORATE—High Grade 
for Correction of Boron Deficiency POYBOR-2 ®... for foliar spray applications 


Nonselective—long-Llosting Effects | 


POLYBOR-3° 
. FLIES 
Parasite... Control) torvoe of 


SWINE KIDNEY WORMS 


@ FOR FURTHER INFORMATION, WRITE TO: 630 SHATTO PLACE, LOS ANGELES 5, CALIF. 


PACIFIC COAST BORAX CO. 


DIVISION OF BORAK CONSOLIDATED LIMITED 


LOS ANGELES, NEW YORK AND ALL PRINCIPAL CITIES 


Cotton Defoliation CHEM-FROST DEFOLIANT 
Wetting Agent } SPRAY-CHEM-A 


the precision — 
nozzle for 
effective 


spraying 


a in a full range of interchange- 
able orifice tip and strainer sizes to 
meet every capacity requirement. Tee- 
Jet Spray Nozzles for Weed Control by 
spraying make it possible to take max- 
imum advantage of the chemical and 
sprayer unit. TeeJet nozzles are pre- 
cision built and provide a flat spray 
with uniform distribution. Atomization 
is ee to give coverage 
with an absolute minimum of driftage. 
Patented tip design, with set-back 
orifice opening precision orifice 
from accidental damage. TeeJet spray 
nozzles are built for use on spray booms 
and portable sprayers. 


SPRAY 
NOZZLE 
male pipe 
connection 


OFF-CENTER SPRAY NOZZLES TEEJET 


Spraying Systems Spray Nozzles with TeeJet 
tips are supplied in a variety of special body 
types to meet any unusual spraying require- connection 
ment. For example, one of off-center 

spray nozzle with swivel y provides a flat 

spray up to 35 feet wide for spraying areas 

with a single nozzle, that are not accessible 

with a boom. 


q INTER- 
SUPPLEMENTARY EQUIPMENT ORIFICE TIPS 


Complete accessories relating to nozzle use are sup- flat and cone 
plied. These include strainers, special nozzle fittings, spray types 
and hand valve equipment. 
TeeJet Spray Nozzles are supplied for Weed Control... 
as well as all other types of agricultural spraying. For 
— information and reference data write for Bul- 

tin 58. 


PRAYING SYSTEMS CO. 
onthe 


female pipe 
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WEEDONE. 


Constantly 
Searching------ 


We maintain a permanent 
department whose field re- 
search is ever seeking new 
and improved chemicals 
and methods for weed and 


brush control. 


AMERICAN CHEMICAL PAINT COMPANY 


Agricultural Chemicals Division 
AMBLER, PA. 
Originators of 2,4-D and 2,4,5-T Weedkillers 


Vii 


New Herbicides 


WEED CONTRO 


IN... Tomatoes Peanuts 
Sugar Beets and 
Cucurbits Hybrid Seed Corn J 


J 


TOMATOES and TRANSPLANTED CROPS 
Experimental Herbicide Natrin* (sodium 2,4,5-trichlorophenoxy- 
ethyl sulfate). Apply after clean cultivation to get a weed-free harvest 
without crop injury. 


SUGAR BEETS and CUCURBITS 
Experimental Herbicide DCU* (dichloral urea) mixed with the top 
layer of soil before planting gives annual grass control for as long 
as three months. 


PEANUTS and SEED CORN BREEDING STOCK 
Crac Herbicide-1 (SES) cuts peanut production costs. Bigger yields 
result from increased weed control and less Southern Blight. In 
corn it is safe on sensitive inbreds, single and double crosses. 


For experimental use only by or under the supervision of Federal or State 
agencies authorized by law to conduct research in the field of economic 
poisons. Treated crops should not be used for food or feed. 


CRAG AGRICULTURAL CHEMICALS 
CARBIDE AND CARBON CHEMICALS COMPANY 
; A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, New York 
Gentlemen: i 
Please send additional information and your application blank for free experimental ; 
material for Experimental Herbicide Natrin.......... , Experimental Herbicide : 
, and CRAG Herbicide-]........... 


“Crag” is a registered trade-mark of Union Carbide and Carbon Corporation. 
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PRODUCTS 


for effective, economical weed control 
POTASSIUM CYANATE 


for pre-emergence contact weedkilling, post-emergence selective contact 
ea top-killing and defoliation. Breaks down rapidly on contact 
with soil. 


AERO’® CYANAMID, Granular 


Contains 20% nitrogen and 70% hydrated lime. For pre-emergence weed 
control in peas, corn, asparagus and other crops. For pre-seeding weed 
control in tobacco and other plant beds, for establishing or renovating 
weed-free turf. In granular form for easy handling and application. 


AERO* CYANAMID, Special Grade 


Contains 21°) nitrogen and 70% hydrated lime. In dust form for pre- 
emergence residual and contact weed control. Defoliates cotton, field 
beans and other crops. For pre-harvest top-killing of tomatoes and potatoes. 


AMINO TRIAZOLE (3-amino-1,2,4-triazole) 


(LIMITED QUANTITIES AVAILABLE FOR EXPERIMENTAL PURPOSES) 
Herbicide, Defoliant, Growth Regulator 


Amino Triazole has demonstrated effectiveness in control of a number of 
troublesome weeds, including Canada thistle, sow thistle, poison ivy, 
poison oak, quack grass, nut grass and certain woody species. By virtue 
of a short residual life in the soil, Amino Triazole can be sprayed on weed 
infestations a short time before planting without injury to the crop. 
Amino Triazole translocates readily through the plant and produces un- 
usual systemic effects, manifested by albinism or chlorophyll inhibition 
in new growth. This typical effect has continued to show up as long as 
one year after spraying certain species. 

At rates of 4% to 14% pounds per acre, cotton has been defoliated and re- 
growth controlled for a sufficient time to permit harvest. 


AMERICAN d COMPANY 


AGRICULTURAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N. Y. 
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Control of Aquatic Weeds That Impede Flow 
of Western Irrigation Waters* 


Eucene T. Osorn, Plant Physiologist 


INTRODUCTION 


"yon PRODUCTION on most lands of the western United States re- 
quires the use of supplemental water which is delivered through 
established irrigation canal distribution systems. These systems fre- 
quently support heavy growths of aquatic plants which prevent or 
impede the passage of water. Because a reduction in the carrying 
capacity of a canal makes it necessary to deprive potential produc- 
tive land of the water required to grow a satisfactory crop, it is 
imperative to keep the waterways open. 

This report, evolved from fundamental as well as applied and 
developmental research, describes certain pertinent investgations 
which suggest improved and more effective field techniques to ac- 
complish a solution of the problem at hand. It also summarizes the 
highlights of a number of studies on different phases which will be 
published soon in more comprehensive form (11, 12, 13, 14). Selected 
references pertaining to work of other investigators have been in- 
cluded in the Bibliography. 

Because of recent widespread success of certain phenoxyacetic acid 
derivatives on land weeds, the effect of these and other herbicidal 
compounds on obnoxious submersed and emergent aquatic weeds 
was deemed worth investigation. To this end, translocation studies 
in the water-submersed tissues of aquatic vascular plants were made. 
Since carbohydrates in the crown, rhizome, and root of aquatic 
plants appear to be equally available to the plant for new growth, 
in the emergent aquatic weed study the word “root” is used to in- 
clude that part of the underground tissue below the line from 
which fibrous roots emerge. 

Effective application of phytocides appears to require not only 
that fatty oxidized excretions forming the cuticle, when present, be 
penetrated but also that organic solvents be used in proper dilution. 
Studies were made to obtain information on the relative facility with 


*Contributed jointly by the United States Department of Agriculture, Agri- 
cultural Research Service, Field Crops Research Branch, and the United States 
Department of Interior, Bureau of Reclamation, Engineering Laboratories, Den- 
ver, Colorado, for presentation before the Waterweed Control Section, National 
Weed Control Conference, Kansas City, Missouri, December 8-9, 1953. 
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which weedicides are absorbed and moved within the various plant 
parts under varied external conditions and of how plant physiologi- 
cal processes are altered, in bringing about a better weed killer 
performance. 

The botanical nomenclature used corresponds to that found in 
Fernald’s, Gray’s Manual of Botany, 8th Edition (4). 


CONTROL OF SUBMERSED WATERWEEDS (11) 


Biological Control 

Needle spike rush (Eleocharis acicularis) growing in direct sun- 
light is a water-submersed, low-growing, mat-forming plant. Histo- 
logical studies have shown that shade-grown plants have about twice 
the diameter of those grown in direct sunlight. Also, it has been 
observed that plants grown in the shade grow to heights two to five 
times those grown in direct sunlight. These facts have an important 
bearing on the magnitude of resistance to the flow of irrigation 
water. This plant has the faculty of shade tolerance, but its resist- 
ance to water flow under such conditions is about six to nine times 
that of plants growing in direct sunlight. 

Another plant, dwarf arrowhead (Sagittaria subulata), growing 
in direct sunlight is also a water-submersed, low-growing, mat-form- 
ing plant. It has been observed, as in the case of needle spike rush, 
that in the absence of direct sunlight this plant grows to heights 
of two to five times those grown in the presence of direct sunlight. 
Over a l-year period measurements of field migration have shown 
an average spread in all directions of 4 feet 8 inches for needle spike 
rush and 2 feet 3 inches for dwarf arrowhead. These observations 
were made in a relatively slow-flowing irrigation ditch. 

There is laboratory evidence that either or both of these plants 
growing in association with the taller more obnoxious pondweed 
growth may, over a period of time, crowd out the pondweed growth. 
This suggests the desirability of planting one or both of these plants 
in irrigation ditches or lake bottoms for the purpose of holding 
shifting silt and preventing growth of the ranker growing pond- 
weeds. After the needle spike rush or dwarf arrowhead crowds out 
the taller pondweed growth, succeeding growth becomes dwarfed 
in the presence of sunlight and causes much less resistance to the 
flow of water in the canal. 

Heavy growths of the pond scum Oedogonium sp. have been ob- 
served to epiphytize plants of leafy pondweed (Potamogeton foliosus) 
to the extent the host plants were killed back to the submersed soil 
line a few weeks following the initial observable infestation. 


Chemical Control 

Beaker tests were performed in which concentrations varying from 
5 to 800 ppm. of various solvents with 2 percent nonionic emulsifier 
added were placed in 30-minute contact with volumetrically meas- 
ured excised portions of leafy pondweed. Increased herbicidal effec- 
tiveness with the chlorinated benzenes was noted in one series as 
indicated by an actual determination of regrowth 6 weeks following 
treatment. In this series, benzene was a more effective herbicide than 
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kerosene; and the monochloro-, dichloro-, and trichlorobenzenes 
were more effective herbicides than was benzene. Except at the high- 
er concentrations, i.e., 400 and 800 ppm., polychlorobenzene was 
less effective as a herbicide. In another series, the methylated ben- 
zenes, i.e., toluene, xylene, and trimethylbenzene, were more effec- 
tive herbicides than was benzene. Emulsified kerosene, benzene, di- 
chlorobenzene, and trichlorobenzene were effective as algaecides in 
concentrations ranging from 5 to 800 ppm. 

In general, the regrowth of leafy and sago pondweed (P. pectina- 
tus) was approximately twice as rapid in undrained treated tanks 
as it was in those drained before treatment. It would seem from this 
work that in the field, aromatic solvent might be more effectively 
applied to irrigation systems by first gravity-draining the ditch and 
then spraying the flaccid water plants lying on the canal bottom 
with aromatic solvent. In those situations where it is impractical 
to drain a system or where movement along the bank is difficult, the 
present system of applying the chemical to the water for movement 
to the plants must suffice. 

In many instances the field worker may elect to destroy the under- 
ground, as well as underwater, plant propagules. In the laboratory 
it has been determined that the following are approximate optimum 
quantities of 2,4-D per growing season simulating spray operations 
along gravity-drained canal bottoms, required to kill underground 
water plant propagules. Preceding the fruiting stage, two-thirds of 
each quantity listed should be applied with the first application and 
the remaining one-third should be applied later to any regrowth 
which may develop. 


| Lb. per acre Percent survival 6 
Plant | of 2,4-D weeks after application 
Western waterweed Elodea nuttallu | 5 0 
American pondweed Potamogeton nodosus . 12 5 
Horsetail moss (Sago pondweed) P. pectinatus 15 5-10 
Leafy pondweed P. foliosus.. , 5 0- 5 
Richardson’s pondweed P. richardsomi 0-15 
Horned pondweed Zannichellia palustris | Torless | 0 
Water star grass Heteranthera dubia | TVorless | 0 


Apparently, 2,4-D killed the above-ground vegetative growth 
present at the time of tank treatments. The survival, present at the 
termination of the experiment, appeared to have come from latent 
bud propagules or seeds which had not started growth at the time 
of aerial herbicidal treatment. 

Ten months following the placement of CMU, RADA (Rosin 
amine D acetate), 2,4—D acid, and sodium salt of 2,4—D as pellets 
and sodium borate as crystals on the soil bottom of tanks in which 
rooted aquatic plants were growing, observations were made as to 
the effectiveness of this technique in waterweed control. With the 
exception of dense waterweed (Elodea densa), all submersed aquatic 
plants tested were killed with CMU concentrations of less than 10 
ppm. The 2,4—D acid and sodium salt in concentrations between 20 
and 25 ppm. cleared the tanks of the initial vascular plant growth 
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but permitted replacement by the pond scum, Spirogyra. Apparently 
concentrations of 100 ppm. or more of RADA are necessary to effec- 
tively eliminate the submersed aquatic aboveground growth. De- 
pending upon the species treated, concentrations of sodium borate 
varying between 350 and 650 ppm. were necessary to eliminate above- 
ground submersed waterweed growth. 


Waterweeds as Fertilizer 


One possibility of defraying part of the cost of mechanical control 
of aquatic weeds centers around the use of harvested aquatic weeds 
as green manure to fertilize nearby farm lands. To investigate this 
possibility an exploratory test was made in which sago pondweed 
was harvested, processed to remove other plants and attached soil, 
oven-dried, and pulverized. Tomato and pepper plants, both with 
soil intact from 4-inch pots and with soil removed, were planted in 
a mixture containing 9 parts of Ottawa sand and | part of dried 
pulverized sago pondweed. After being watered as needed for 100 
days, it was observed that the tomato and pepper plants growing 
in media containing pulverized pondweed had decidedly greener 
leaves than their counterparts growing in similar media but lacking 
the pulverized pondweed. Depending upon whether initial soil from 
the 4-inch pots was intact or whether it was removed, fresh weight 
of tomato plants growing in media containing pulverized pondweed 
was six and three times that of their counterparts growing in similar 
media but without the pulverized pondweed. Oven-dry weights were 
about four times as great for the plants growing in media containing 
pulverized pondweed as they were for those plants growing in the 
absence of the same. From this work it appears that pondweed plants 
might be used to advantage as fertilizer on adjacent farm properties 
to help defray the cost of weed removal from irrigation waterways. 


Effect of Silt and Calcite Accumulation on Pondweed Leaf Surfaces 


To study particle settling effect on aquatic plant growth, a pre- 
pared silt suspension was uniformly mixed in the surface water of 
tanks in which rooted leafy pondweed was growing. Within 2 weeks 
the plants began settling to the bottom of the tank and plant stems 
and leaves took on a brown appearance. This phenomenon was due 
to the mechanical settling of silt particles on the leaves. Six weeks 
after introduction of the silt there was definite evidence of new 
growth penetrating through the old. Eleven weeks after introduc- 
tion of the silt, pondweed regrowth appeared to be complete. In 
this study calcite (formed by conversion of aragonite, the less stable 
form of CaCQ3;) was secreted and accumulated by leaf cells on the 
aboveground plant surfaces. This self-deposition of calcite on the 
leaves, may, by obstructing light from the leaf, result in self-liquida- 
tion of the more mature plants. New plants apparently continue to 
develop from attached underground shoots until food reserves are 
exhausted during the new plant replacement process. It appears that 
the formation of calcite coatings on the leaves depends on an ade- 
quate supnly of calcium being available to the plant. 
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CONTROL OF EMERGENT AQUATIC WEEDs (11) 


Biological Control 


For five consecutive growing seasons, a fenced area of pasture in 
which broad-leaved cattails (Typha latifolia) grew has intermittently 
been grazed rather intensively. Because a part of the pasture normal- 
ly heavily infested with cattail growth had a fence line running 
through it, a contrast of cattail growth in the pasture area could be 
made between years in which heavy grazing occurred and the two 
consecutive growing seasons in which the area was protected from 
domestic grazing animals. In 1948 and 1949 when heavy grazing oc- 
curred, no cattails grew. In 1950 and 1951 when domestic animal 
grazing was prohibited, there was considerable cattail reinvasion, 
particularly in the second consecutive season in which grazing was 
prohibited in the previously heavily pastured area. The combination 
of eating the young cattail shoots together with mechanical injury 
to the plants by the hoofs of the grazing animals was sufficient to 
suppress growth. It is believed that the same control observed here 
could be accomplished on other farm properties where broad-leaved 
cattail infestation is interfering with normal agricultural practices. 

In a migration study it was found that ripgut grass (Carex aqua- 
tilis) grows in water to a maximum depth of 12 inches. Broad-leaved 
cattail migrated about twice as fast as narrow-leaved cattail (Typha 
angustifolia) but produced only about half as many plants in a sea- 
son’s growth. 


Chemical Control 

Seasonal root reserve studies in the underground plant parts of 
untreated broad- and narrow-leaved cattail have been made in an 
attempt to correlate them with more readily observed aboveground 
seasonal growth phenomena. Having established the period, or peri- 
ods, of low root reserve, it should thus be possible, by making herbi- 
cidal applications (contact or systemic) when root reserves are at a 
low ebb, to get maximum herbicidal effect with expenditure of 
minimum time, effort, and cost. A number of above-ground growth 
phenomena have been associated with below-ground food reserves. 
It will suffice here to say that water-inundated narrow-leaved cattail 
had its low point in root reserves when the plants had emerged to an 
average of 4 feet 11 inches above the water line. For noninundated 
narrow-leaved cattail, the low point in root reserves occurred when 
the plants had emerged 3 feet 11 inches above the ground line. For 
water-inundated broad-leaved cattail, the low point in root reserves 
occurred when the plants had emerged 4 feet 7 inches above the 
water line and for noninundated broad-leaved cattail, the low point 
in root reserves occurred when the plants had emerged 2 feet 6 
inches above the ground line. Thus, the low point in seasonal carbo- 
hydrate root reserves varies not only with the species involved but 
with the growth habitat as well. 

In a histological and chemical study to determine the effect of 
2.4—D on the presence of starch grains in rhizomes of broad- and 
narrow-leaved cattail treated at rates varying from 1.4 to 108.1 
pounds per acre, it was found that in both species of cattails: (a) the 
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starch grains were readily used up even when the lower concentra- 
tions of 2,4—-D were payee (b) in general, the percentage carbo- 
hydrate decreased as the higher quantity of 2,4—D per acre was ap- 
plied; but decrease in carbohydrate was not in proportion to quan- 
tity of 2,4—D applied; (c) application of excessive amounts of 2,4—D 
did not deter utilization of carbohydrate reserves in the cattail roots; 
(d) the amount of carbohydrate reduction in the roots of untreated 
dormant plants as well as of growing plants receiving highest rates 
of 2,4-D was greater for the narrow-leaved species of cattail; (e) 
while carbohydrate content was comparatively high in the roots of 
narrow-leaved cattail, reduction of the carbohydrate content was 
more readily effected with a given application of 2,4—D, indicating 
this plant to be more susceptible to 2,4—D than the broad leaf species. 
This study emphasizes the fact that relatively small quantities of 
2,4—D per acre used at the correct time of plant development and 
with an adequate cosolvent or wetting agent present are sufficient 
to have a pronounced effect on the reduction of starch grains and 
associated carbohydrates in cattail rhizomes upon which regrowth 
potential is dependent. 

There are many instances where the field worker may wish to 
destroy the underground plant propagules of emergent aquatic 

lants. Table 1 gives the approximate optimum applications of 
2,4—D which can effectively kill underground emergent water plant 
propagules as determined in the laboratory. Two-thirds of each 
quantity listed should be applied on first spray application and re- 
maining one-third on any regrowth which might develop. 


Table 1. Amounts of 2,4—D necessary for elimination or high percentage 
reduction of emergent aquatic weeds. 


Total Percent survival 
| Formulation pounds | 6 weeks after second 
of 2,4-D | per acre application 
True water cress Nasturtium officinale...... | Isopropyl ester 3.0 0 
Water hyacinth Eichornia crassipes. . cial __| Isopropyl! ester | 18.2 5 
Parrot’s feather Myriophyllum brasiliense........ rr ester 3.0 0 
Ripgut grass (Water sedge) Carex aquatilis.. .. 16.4 15 
Oregon sugar grass (Awned sedge) Carex atherodes | Acid } 34.0 5 
Narrow-leaved cattail Typha angustifolia... .. | Isopropyl! ester 6- 8 0 
Broad-leaved cattail Typha latifolia. . . . .....| Isopropyl ester | 9-12 0 


Ten months following the placement of CMU, RADA, 2,4-D acid, 
and sodium salt as pellets and sodium borate as crystals on the soil 
bottom of tanks in which rooted emergent aquatic plants were 
growing, observations were made as to the effectiveness of this tech- 
nique in emergent waterweed control. All emergent aquatic plants 
tested, including water cress, parrot’s feather (Myriophyllum brasi- 
liense), and water ayacinth (Eichornia crassipes) were killed with 
CMU concentrations between 15 and 19 ppm. The 2-4—D acid at 
224 ppm. cleared the tank of the initial vascular plant growth. Rosin 
amine D acetate in concentrations as low as 13 ppm. was effective 
in eliminating water cress growth. Sodium borate at a concentration 
of 736 ppm. eliminated 75 percent of the above-ground water cress 
growth. The 25 percent regrowth was stunted. 
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‘TOLERANCE OF Crops TO HERBICIDES 
IN IRRIGATION WATER (12) 


This investigation was made to deterniine relative tolerance of 
selected sensitive crop plants to ne ar waters containing varying 
concentrations of 2,4—D and other herbicides which, by accident or 
design, could fall into adjacent waters during spray operations of 
aquatic and ditchbank weeds and be carried to field crops. Aerial 
herbicidal applications were made on the flaccid aquatic plants 
which, in the absence of the usual supporting water, were lying on 
the soil in which they were rooted. The sprayed plants normally 
submerged were allowed to remain lying on the soil at the bottom 
of the tank for a period varying from 14 to 3 hours following spray- 
ing to allow the herbicides to penetrate the plant tissues. At the 
end of this period of time, the tanks with the sprayed plants were 
filled with tap water and drained immediately. This operation was 
repeated after which the tanks were filled a third time with tap 
water and flooded for 5 minutes. Quantities of these herbicide- 
contaminated wash waters were used to flood-irrigate cotton (Acala 
short staple), grape (Concord and Flame Tokay), and tomato (Chalk 
Early Jewell) plants. The soil used in these experiments consisted 
of one-third sand, one-third top soil, and one-third Michigan peat. 

Tomato plants irrigated with tap water containing up to approxi- 
mately 25 ppm. of 2,4-D were more vigorous than the untreated 
controls which, in each case, received the same amount of tap water 
containing no 2,4—-D. At 25 ppm. and under conditions of this 
experiment, each application of 2,4-D amounted to 1.5 pounds per 
acre with 43 applications, making a total of 64.5 pounds of 2,4-D 
applied per acre. 

In general, cotton plants irrigated with tap water containing up 
to approximately 11 ppm. of 2,4-D were more vigorous than the 
untreated controls which, in each case, received the same amount 
of tap water containing no 2,4—-D. At 11 ppm. and under conditions 
of this experiment, each application of 2,4—-D amounted to 0.8 pound 
per acre with 24 applications, making a total of 19.2 pounds of 2,4—D 
applied per acre. 

Flame Tokay and Concord grape plants irrigated with tap water 
containing up to approximately 11 ppm. of 2,4—D showed sporadic 
injury to plants so treated. Injury occurred to some leaves on treated 
nlants, whereas leaves of other treated plants entirely escaped 2,4—-D 
injury. Because of the sporadic appearance of 2,4—D injured leaves 
on treated plants and untreated plants, it was believed that the 
injury was due to vaporization of the isopropyl ester contained in 
the irrigation water rather than to entry through the root system 
of the plants concerned. 

In another set of experiments, tomatoes, cotton, and grapes were 
irrigated for 41 days with water containing Endothal at 100 and 200 
ppm.; CMU at 7.4, 18.7, and 33.2 ppm.; RADA at 66.3 ppm.; 2,4—D 
sodium salt at 16.7 ppm.; and sodium borate at 458 ppm. Endothal 
at a concentration of 100 ppm. killed tomatoes after 15 days but 
appeared not to have injured cotton or grapes. Endothal at 200 ppm. 
killed tomatoes after 10 days and injured cotton but not grapes at 
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the end of 41 days. CMU at concentrations of 7.4 and 18.7 ppm. 
killed tomatoes after 10 days and showed some cotton injury after 
41 days. Grapes showed no pronounced injury from the CMU irri- 
gations. RADA at the concentration of 66.3 ppm. did not injure 
tomatoes or grapes but did injure cotton after 41 days. The sodium 
salt of 2,4—D in the concentration of 16.7 ppm. did not injure toma- 
toes and grapes but caused some injury to cotton after 41 days. 
Sodium borate at 458 ppm. killed tomatoes at the end of 20 days 
but did not injure cotton or grapes after 41 days. 

The fungus Phoma sp. has been found to concentrate 2,4—D-51 
and the algae Cladophora sp. and Spirogyra sp. have been found to 
concentrate 2,4—-D-—1C!*. It seems likely that other members of Thal- 
lophyta, e.g., soil actinomyces and bacteria, play an important role 
in rendering 2,4—D in soil innocuous to crop plants through assim- 
ilating the compound into the various plant bodies. 

Two goldfish suffered no apparent injury from exposure to CMU 
at a concentration of 14.9 ppm. for 35 days. One of the goldfish died 
from 2 days’ exposure to a CMU concentration of 59.5 ppm. The 
second goldfish died after a 7-day exposure to the same concentra- 
tion. Apparently CMU will kill waterweeds at concentrations safe 
for goldfish, back swimmers (family notonectidae), and perhaps oth- 
er forms of aquatic animal life. 

It is believed that the dilution of 2,4—D in irrigation waters under 
field conditions would be even greater than those obtained in the 
laboratory. Thus, if the laboratory wash waters were safe to use on 
such farm crops as cotton, tomatoes and grapes, contaminated water 
should also be safe to use under field conditions since crops would 
not often be irrigated with contaminated water. 

From this work it appears likely that it should be safe to crease 
irrigate field plants of these crops with waters passing over weed 
areas previously treated with any of the herbicides discussed in this 
paper, provided the initial 5 minutes of wash waters traversing these 
herbicidal field-treated areas are wasted, i.e., not turned into a field 
for immediate irrigation. 


STupDIES OF HERBICIDAL ACTION ON AQUATIC WEEDS 
UsinG Raptoactive 2,4—D-1C"™ (13) 


Radioactive 2,4-D-1C'* was mixed with eight different additive 
combinations in an attempt to obtain information on which com- 
bination would most readily facilitate movement of 2,4—D through 
an emergent aquatic plant, as represented by broad-leaved cattail, 
and a submersed aquatic plant, as represented by American pond- 
weed (Potamogeton nodosus). The herbicides were placed about 6 
inches from the tip of the cattail leaf and at the base of the Ameri- 
can pondweed leaf. Eighty specimens of each species were treated, 
i.e., ten with each formulation. Half of the treated specimens were 
harvested after 2 weeks’ exposure time; the other half were harvested 
after 6 weeks’ exposure time. Autoradiographs were made of whole 
specimens of the dried pondweed, whereas autoradiographs were 
made on treated and untreated cattail leaf series cut into 11-inch 
segments. Carbowax was used as cosolvent, and water served as car- 


2 
q 
F 


CONTROL OF AQUATIC WEEDS 239 


rier for the first six formulations. Tributyl phosphate served as co- 
solvent for the last two formulations with kerosene being the carrier 
in Formulation No. 7 and xylene in No. 8. 

In both American pondweed, whose emergent leaves float on the 
water surface, and broad-leaved cattail, the radioactive 2,4—D readily 
passed the water line and also accumulated in the roots. The C™ 
atom was translocated generally in a downward direction to the 
rhizome-root system and thence to other untreated parts attached to 
the treated portions. 

Movement of radioactive 2,4-D-1C'™ through the rhizome and 
passage into untreated leaves of the same plant was accomplished 
most readily by the combination of 2,4—D with carbowax, water, 
Vatsol OTB, or Linck wetting agent. When tributyl phosphate and 
kerosene or xylene were used with 2,4—D, the majority of the 2,4—-D 
appeared to be retained in the upper half of the treated leaf. How- 
ever, even in these cases, diffusion of some radioactive material 
throughout the treated leaves and past the rhizome to untreated 
leaves was evident. 

Thallophytes, including a fungus and two algae, were active in 
assimilating radioactive 2,4-D with the various chemical additives 
present. 

BIOLOGICAL CORROSION OF CONCRETE (14) 


In November 1948, sections of the Cherry Creek (Denver, Colora- 
do) concrete retaining wall were observed to be in an aggravated 
friable condition with algae (green and blue-green), lichens (crus- 
tose and foliose), and mosses growing readily thereon. 

Since sulfur is present in varying amounts in all concrete made 
with portland cement and since the lower forms of plant life are 
known to be concentrators of sulfur, it was decided to make a com- 
parative study of the relative effect of lower plants on concrete with 
high SO, content as compared to concrete with low SO, content. A 
uniform aggregate was mixed with two portland cements containing 
approximately | percent SO; and with two other portland cements 
containing approximately 4 per cent SO,. These mixtures were fab- 
ricated into four 11- by 15- by 2-inch mortar slabs. Cubes of 2- by 2- by 
2-inch dimensions were made of a portland cement with about a 4 
percent SO, content. Cylinders of 3- by 6-inch dimensions were made 
with a cement containing an intermediate SO, content. After fabrica- 
tion and 28 days in a 70° F., 100 percent relative humidity room, all 
of the mortar specimens were inoculated with plant cultures obtained 
from the Cherry Creek retaining wall. One set of 3- by 6-inch cylin- 
ders were immersed in tap water containing the cultures. Other 
specimens were placed in a 100 per cent relative humidity room. 
Half of each of the four slabs was covered with Ottawa sand to pre- 
vent or deter plant growth. The other half of each of the slabs 
was planted with the cultures obtained from the Cherry Creek 
retaining wall. 

After approximately 5 years of exposure of the concrete to the 
plants, the plants were removed with a wire brush, the concrete speci- 
mens placed in the freezing and thawing unit for 50 cycles of freez- 
ing and thawing to accentuate the plant effects and facilitate observa- 
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tions made on the specimens. In those instances where the culture 
plants came in contact with mortar having 0.6 percent or more 
SO3, pitting of the mortar surface was very pronounced. Pitting of 
the surface was much less when SO, percent was about 0.2%. Ap- 
parently the gelatin present in the growing plants together with the 
organic acids produced by them, e.g., carbonic, oxalic, and silicic, 
was adequate to corrode the surfaces of the mortar when the SO; 
content was high. 
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13. 


14. 


BIBLIOGRAPHY 


BaANpburskI, R. S. Spectrophotometric Method for Determination of 2,1- 
dichlorophenoxyacetic Acid. Bot. Gaz. 108:446-449. 1947. 

BrocarD, J. Accelerators and Retarders of Cement Sets. Laboratory Bati- 
ment et Tran. Publ. Circ. M., No. 18, 1-4. 1946. 

Dutton, A. S., and Lucas, E. H. “Absorption, Translocation, and Persist- 
ence of 2,4-dichlorophenoxyacetic Acid in Some Plants,” Bot. Gaz. 112: 
198-207. 1950. 

FERNALD, M. L. Gray’s Manual of Botany, Edition 8, American Book Com- 
pany, New York, pp. 1-1632. 1950. 

Gortney, R. A. Lake Vegetation as a Possible Source of Forage. Science, 
80:531-533. 1934. 

Hatt, T. F., and Hess, A. D. Studies on the Use of 2,4-D for the Control 
of Plants in a Malaria Control Program. J. Nat. Mal. Soc. 6:99-116. 1947. 

Haywarp, H. E. The Structure of Economic Plants. The MacMillan Com- 
pany, New York, 1-674. 1948. 

IsACHENKO, V. The Corrosion of Concrete, Comptes Rendus (Doklady). 
Academy of Sciences of the U.S.S.R., Moscow, No. 7, 287-289. 1936. 

Jensen, H. L., and Perersen, H. I. “Decomposition of Hormone Herbicides 
by Bacteria.” Acta Agriculturac Scandinavica II:(3) 215-231. 1952. 

Marini, E. Toxicity of Herbicides Containing 2,4-D and MCPA to Carp. 
Notiz Malattic Piante 19:17-18. 1952. Abstracted. 

Oporn, E. T., Moran, W. T., GREENE, K. T., and Barttey, T. R. Weed Con- 
trol Investigations on Some Important Aquatic Plants Which Impede Flow 
of Western Irrigation Waters, Section of Weed Investigations, FCRB, ARS, 
USDA, and Bureau of Reclamation Engineering Laboratories, USDI, Den- 
ver, Colorado, Joint Laboratory Report No. SI-2, pp. 1-84. 1954. 

Oporn, E. T., and BartLtey, T. R. Tolerance of Crops to Herbicides in Irri- 
gation Water, Section of Weed Investigations, FCRB, ARS, USDA, and 
Bureau of Reclamation Engineering Laboratories, USDI, Denver, Colorado, 
Joint Laboratory Report No. SI-3, pp. I-16. 1954. 

Oporn, E. T., Lyons, E. T., and Timsiin, L. O., Jr. Studies of Herbicidal 
Action on Aquatic Weeds Using Radioactive 2,4-D-1C", Section of Weed 
Investigations, FCRB, ARS, USDA, and Bureau of Reclamation Engineer- 
ing Laboratories, USDI, Denver, Colorado, Joint Laboratory Report No. 
SIH, pp. 1-17. 1954. 

Oxsorn, E. T., and Hiccinson, E. C. Biological Corrosion of Concrete, Sec- 
tion of Weed Investigations, FCRB, ARS, USDA, and Bureau of Reclama- 
tion Engineering Laboratories, USDI, Denver, Colorado. Joint Laboratory 
Report No. C-735, pp. 1-8. 1954. 

Parker, C. D. Bacterial Corrosion of Construction Materials. Common- 
wealth Engineer, Melbourne and Metropolitan Board of Works, Mel- 
bourne, December, 1951, pp. 190-196. 

SCHAFFER, P. A., and HARTMANN, A. F. The Iodometric Determination of 
Copper and Its Use in Sugar Analysis. J. Biol. Chem. 45, 365-373. 1920. 


. Spers, J. M. Summary of Literature on Aquatic Weed Control. Can. Fish 


Cult. 3(4), 20-32. 1948. 


. Surper, E. W., Minarik, C. E., and Ennis, W. B., Jr. “The Control of Aquatic 


Plants with Phenoxyacetic Compounds. Progressive Fishculturist 9(7), 
143-158. 1947. 


. Sutton, J. G. Maintaining Drainage Systems. Soil Conservation Service, 


Washington, 1-30. 1952. 


’ 
1. 
2. 
3. 
4. 
8. 
9. 
12. 
q 
= 
15. 
16. 
17 


Some Chemical and Physical Properties of Weed Killers 


R. W. Nex and A. W. Swezey 


The Dow Chemical Company, Agricultural Research Laboratory, 
Seal Beach, California 


ir following table of chemical and physical properties of some 
herbicides was compiled as an aid to agricultural research 
workers. 

It is realized that not only is the list of chemicals incomplete but 
many of the properties are lacking. Any such omissions were not 
deliberate but were due to unavailability to the authors of such 
information. It is earnestly hoped that there will be future con- 
tributions to this compilation. 

We wish to express our thanks to the many people and organiza- 
tions that supplied information for this list. 

Explanation of Table: 

The chemicals are arranged alphabetically according to Chemical 
Abstracts’ nomenclature. 

Density is given at 20° C referred to water at 4° C. Specific gravi- 
ties are at the indicated temperatures. The melting point is of the 
commercially used material unless otherwise specified. —H,O indi- 
cates loss of water. 

The pH value is for 5% solutions in water or alcohol unless other- 
wise indicated. 

It is thought best to mention here the authors’ meaning of the 
terms “non-volatile”, “low volatile”, and “volatile”. It is realized 
that these terms are confusing, but it was thought that to include 
some indication of the vapor pressure would of benefit. The 
above designations refer to that amount of volatility that is required 
to adversely affect common herbaceous crops and weeds. Thus, by 
“non-volatile” is meant those compounds whose volatile products, 
if present, do not adversely affect plants under temperatures en- 
countered where plants are grown. By “low volatile” is meant those 
compounds whose volatile products do not affect plants under 
normal temperatures, but under extreme temperatures may show 
evidences of volatility by affecting nearby susceptible plants. By 
“volatile” is meant those compounds that can be expected to ad- 
versely affect nearby plants under normal temperatures. The 
authors have given one of the above definitions to a compound 
only where this definition of said compound has been available in 
the literature. 
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Abbreviations: 

alc. = alcohol m.p. = melting point 

alk. = alkali org. = organic 

cry. = crystallizes petr. = petroleum 


decomp. = decompose (s) 
deliq. = deliquescent 


ppm = parts per million 
ppt. = precipitate 


eff. = efflorescent sequ. = sequestering 
ev. = evolves sl. = slight (ly) 
expl. = explodes sol. = soluble 


extr. = extreme (ly) 
flash p. = flash point 


solv. = solvent (s) 
sp. gr. = specific gravity 


flam. = flammable subl. = sublimes 
hyd. = hydrolyzed tech. = technical 
hyg. = hygroscopic temp. = temperature 
insol. = insoluble volt. = volatizes, volatile 
misc. = miscible > = above 
mm = millimeter (s) < = below 
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Effect of Sodium Trichloroacetate on the Intake of 
Nutrients by Wheat Plants Grown in Oshtemo 
Sand at Low and High Fertility Levels 


G. S. Rat and C. L. HAMNER 


Department of Horticulture, Michigan State College, 
East Lansing, Michigan 


INTRODUCTION 


Wis wheat seedlings are injured by trichloroacetate (TCA) the 
leaves turn yellow in much the same manner as do those on 
plants growing in media where the nutrients are unbalanced. Ac- 
cordingly, there is the possibility that TCA may have some effect 
on the intake of plant nutrients, and that injury was actually the 
result of nutrient starvation. 

Rebstock et al (3) found that wheat plants treated with TCA in- 
creased in nitrogen content and in content of arginine, reducing 
sugar and acid hydrolyzable polysaccharides. They found further 
that treated plants were decidedly lower in non-reducing sugars, 
ether extract, unsaponifiable material, and fatty acids. 

The work reported in this paper is an attempt to throw more light 
on the nutrition of wheat plants as affected by TCA. Interest centers 
on whether or not the yellowing of the plants is caused by inability 
to assimilate nutrients, or whether the yellowing is the result of 
other physiological disturbances. If the latter is the case, changes in 
plant composition are the result of injury and subsequent failure 
to grow normally. 


MATERIALS AND METHODS 


Oshtemo sand, 4,000 grams, was mixed with amounts of TCA 
corresponding to the rates of 15 or 30 pounds per acre and placed 
in No. 10 cans. The calculations were based on the surface area of 
the cans, and rates are expressed on an acid equivalent basis. 

Each can received 500 ml. of distilled water initially. Frequent 
weighings were made, and each time, sufficient water was added to 
the cans to bring the moisture content to its original level. There 
was no loss because of leakage since the cans were water-tight. 

Wheat was used as a test plant as it is known to have sensitivity 
to TCA at rates as low as 5 pounds per acre (2). The cultures were 
seeded to Henry spring wheat on March 9, 1951; 20 seeds were 
placed in each can at a depth of 4 to | inch. 

The fertility level of the soil was raised by fertilizer, which was 
furnished by 1.6 grams of a mixture of ammonium sulphate, super- 
phosphate, and muriate of potash, mixed in such a way as to make 
a 10-10-10 fertilizer. The mixture was added as a band application 
at the outer edge of the soil surface just prior to the date of sowing. 

The crop was harvested on April 6, 1951, and the soil sample was 
taken by a specially designed soil sampling tube, which was inserted 
into the bottom of the can. The soil was analyzed for nitrate nitro- 
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gen, available — and potassium by a revised Spurway 
method (5), and the pH of the soil was determined. 

The plant tissue was analyzed for total nitrogen, using salicylic 
acid to reduce nitrates, and phosphorus, volumetrically after pre- 
cipitation as ammonium phosphomolybdate, by methods given in 
Methods of Analysis, A.O.A.C. (1). Potassium was determined by 
the flame photometer, using lithium as internal standard. The data 
are given in Table I. 


RESULTS AND DISCUSSION 


Fertilizers increased the NOs, P, and K content of the control soil 
and total N and K content of the plants, but did not increase the 
phosphorus content of the plants (Table 1). Nitrates were increased 
to high levels on TCA treated soils, probably because of the fact 
that the demand by the plants was low, as a result of slow growth. 
This caused a considerable increase in the total nitrogen content 
of plants grown on TCA treated soil. The slow growth of the plants 
was probably the result of some interference in the metabolic activi- 
ties within the plants. However, potassium in the plants did not 
increase when they were stunted by TCA treatments. On the con- 
trary, there was a marked decrease which was intensified by an in- 
crease in amount of TCA applied. This indicates that potassium 
intake was depressed by the presence of the herbicide. One cannot 
conclude, however, that potassium starvation was surely the cause 
of the depressed growth, but there is some indication that it might 
be true. The evidence would be better, had phosphorus levels be- 
haved in the same manner as did those of nitrogen. 


Table 1. The effects of soil applications of TCA and fertilizer (10-10-10) on 
N, P, and K in wheat tissue and on pH, NO,, P, and K contents of soil. 


Soil analysis Plant analysis 
Treatments | ppm 
pH NO; | P | K N P K 

 ¢C 6.3 2.8 0.6 4.2 2.75 0.492 2.00 

CF 5.9 3.4 1.7 29.2 5.15 0.488 4.53 

Ri 5.7 13.9 T 50.0 8.48 0.460 1.56 

RiF | 5.5 | 19.5 1.2 | 50.5 9.55 0.593 1.86 

Re 5.7 15.3 | B | 26.5 9.03 0.528 | 0.90 


Legend—C, no treatment; CF, fertilizer only; Ri, 15 pounds TCA per acre; RiF, 15 pounds TCA 
per acre and fertilizer; Re, 30 pounds TCA per acre; T, trace; B, blank. 


Nutrient elements present in the soils are needed by the plant for 
building up plant tissues, protoplasm, and enzymes. Such enzyme 
systems in plants are built from proteins and nucleo-proteins and, 
thus, contain a large amount of nitrogen and phosphate with sul- 
phur (4). It is very likely that these enzyme bodies cannot function 
properly, or at least, their effectiveness is greatly reduced in plants 
grown under toxic soil conditions. 

Plant growth will take place when there are adequate supplies of 
cell building materials along with proper functioning of enzymes 
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and other growth regulating compounds (4). Perhaps unfavorable 
enzymatic activity and slow intake of potassium were complementa- 
ry factors in bringing about the injury and slower growth. 

In conclusion, it seems likely that the death of the TCA treated 
plants was not entirely the result of changes in the nutrient status 
of the soil, but rather, it was the result of a combination of physio- 
logical effects upon the metabolism of the plants. 


SUMMARY 


The toxic effects of soil applications of 15 and 30 pounds of TCA 
per acre, caused the death of wheat seedlings. Such lethal effect ap- 
pears to result from metabolic changes accompanied by unbalanced 
nutrient intake. 
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Fate and Activity of Herbicides in Soils’ 
R. E. Ocie? and G. F. WarREN® 


E per fate of herbicides in the soil is of great importance to both re- 
search workers developing chemical weed control methods and 
to growers employing these newer techniques. It is desirable to know 
whether herbicides applied to the soil will persist and be cumulative 
so that subsequent crops will be affected, if a short period of residual 
activity can be expected, or if the compounds are rapidly dissipated. 
In case of pre-emergence applications where timing is critical and 
results vary with such factors as soil type, moisture and temperature, 
the activity and persistence of a herbicide are of great importance. 
Thus it seemed pertinent to study the effects of soil type, exchange 
capacity, temperature and amount of rainfall on breakdown, leach- 
ing and retention of certain herbicides in the soil. The herbicides 
used were 2,4—dichlorophenoxyacetic acid (2,4-D), N-1 naphthyl 
phthalmic acid (NPA), trichloroacetic acid (TCA), 3-(p-—chloro- 
phenyl)-1, 1l-dimethylurea (CMU) and isopropyl N-(3-chloro- 
phenyl) carbamate (CIPC). 


REVIEW OF LITERATURE 


Persistence of 2,4—-D under field conditions has been reported by 
different workers as varying from less than 10 days to 14 weeks 
(7, 8, 20). These variations in persistence are attributed to different 
soil types, rainfall, temperature, application rates, formulation, and 
possibly other factors. 

Dissipation of 2,4—D in the soil under controlled conditions has 
been reported by many workers (4, 8, 11, 15) and has generally been 
attributed to microbial activity. Thus, environmental factors which 
affect microbial activity would indirectly affect 2,4-D breakdown. 
An increase in temperature has been shown to increase 2,4—-D dis- 
sipation (4, 8, 11, 14). Similarly breakdown increases with an in- 
crease in soil moisture (4, 8, 11, 14, 15). Very little or no breakdown 
occurs in air dry soils (11, 14, 15). The addition to the soil of materi- 
als which increase microbial activity, such as manure (4) and leaf 
mold (15) favor the disappearance of 2,4-D. Conversely, autoclav- 
ing the soil increases persistence (4, 8, 11). Soil bacteria capable of 
decomposing 2,4—D have been isolated by Audus (1) and Jensen and 
Peterson (13). 

The movement of 2,4—D through a soil profile has been shown by 
many workers (5, 7, 10, 11). The rate of movement or the amount of 
water required to remove various amounts of 2,4—D from the surface 
of various soils has apparently received less attention. Hanks (10) 
reported that different amounts of water were required to leach 


‘Journal Paper No. 786, Purdue University, Agricultural Experiment Station, 
Lafayette, Indiana. Work supported in part by the Purdue Research Foundation. 
*Formerly Research Fellow, Department of Horticulture, Purdue University, 
now Plant Physiologist, Hercules Powder Company, Wilmington, Delaware. 
*Associate Professor of Horticulture, Purdue University. 
257 


- 


258 WEEDS 


2,4—-D through different soil types over a six week period, but there 
were no significant differences in limed or unlimed soil or with the 
calcium salt versus the acid. Crafts (5) found that relatively large 
amounts of water (80 to 320 surface centimeters) were required to 
remove 2,4—D from the soil surface and that it leached more readily 
in a sandy loam than in a clay loam. The effect of soil type was also 
studied by Hernandez and Warren (11) who found that 2,4—D 
leached more readily in soils low in organic matter than in soils high 
in organic matter. After thoroughly leaching a 2,4—D treated soil, 
Audus (1) noted that some 2,4—D was still present and its biological 
activity was comparable to that of a solution containing | p.p.m. 

The persistence of TCA has been reported as ranging from 2 
weeks to over a year (16, 22). Loustalot and Ferrer (16) found the 
dissipation of TCA to be increased by either an increase in tem- 
perature or soil moisture. They also reported that TCA persisted 
longer in a clay soil than in a sandy soil or sandy-clay mixture. 
Barrons and Hummer (2) reported that the rate of inactivation was 
greater in a soil high in organic matter than in one low in organic 
matter. 

TCA appears to leach readily. Loustalot and Ferrer (16) stated 
that when 4 inch of rainfall was applied to moist soil previously 
treated with TCA at 100 pounds per acre, the TCA moved down 
into the fourth inch of soil. When 1% or | inch of rainfall was 
applied, TCA moved down at least 8 inches in the soil. Both the 
leaching and persistence studies of Loustalot and Ferrer have been 
confirmed by Barrons and Hummer (2). 

The persistence of isopropyl N-phenyl carbamate (IPC) has been 
reported under various conditions to range from 12 to 80 days (7, 
18, 19). Newman, et al, (19) and Freed (9) reported IPC to persist 
longer in autoclaved soils than non-autoclaved, which would indi- 
cate microbial breakdown. DeRose (6) found CIPC to be very effec- 
tive against germinating crabgrass seed. He compared the persistence 
of this compound with that of IPC and found that IPC persisted 
less than 24 days whereas CIPC persisted from 48 to 56 days. Stevens 
and Carlson (25) studying the breakdown of CIPC in the soil, re- 
ported a decrease in toxicity with an increase in temperature up to 
75° F. Smith and Ennis (23) reported that CIPC was much less 
mobile in soils than 2,4—D. 

Wolf (27) stated that at a rate of 40 pounds per acre CMU re- 
mained active for more than 18 months and suggested that its per- 
sistence might be affected by soil type, soil moisture, pH, and rain- 
fall. At rates of 1 to 5 pounds per acre persistence ranged from 2 to 6 
months. 


MATERIALS AND METHODS 
The sodium salts of 2,4—dichlorophenoxyacetic acid (2, 4-D), N-1 
naphthyl phthalamic acid (NPA) and trichloroacetic acid (TCA), an 
80 per cent wettable powder formulation of 3-(p—chlorophenyl)-1, 
I-dimethylurea (CMU), and a 40 per cent liquid formulation of 
isopropyl N-(3-chlorophenyl) carbamate (CIPC) in a xylene carrier 
were used in the studies reported here. 
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Three Indiana soils with the following characteristics were used 
in these studies: 


Organic matter Exchange Volume weight 
Soil type per cent capacity pH gm. per cc. 
Princeton | 1.0 3.0 5.7 1.54 
Delphi silt loam...... . 3.5 11.0 6.4 1.23 
1.7 | 127.4 5.3 0.40 


Muck... 81 


The muck soil had been farmed for over 15 years and consisted 
of finely divided organic particles. Organic matter was estimated by 
Schollenberger’s oxidizable matter determination modified by Jack- 
son (12). Exchange capacity expressed as milli-equivalents per 100 
gram of oven dry soil was determined as outlined by Jackson (12). 
The pH was measured with a glass electrode. Volume weights were 
determined as outlined by Baver (3). 

The activity of the herbicides in the soil was determined by a 
biological test. The method consisted of planting 50 crabgrass seeds 
(Digitaria sanguinalis) in the soil sample to be assayed growing these 
for a period of 214 to 3 weeks, harvesting the tops and taking dry 
weights. Crabgrass was employed as a test plant since in the ger- 
minating stage it is susceptible to all the herbicides used. Sub- 
irrigation was practiced so that leaching was not a factor. A com- 
plete nutrient solution was added when needed so that nutrient 
deficiencies would not affect growth. 


TEMPERATURE BREAKDOWN STUDIES 


Studies were made to determine the effect of temperature on 
relative breakdown rates of herbicides in different soil types. NPA, 
CIPC, and TCA were applied at the rate of 8 pounds per acre. CMU 
and 2,4—-D were applied at rates of 2 and 4 pounds per acre respec- 
tively. These rates are for pure material or acid equivalents and 
were chosen from field experience as approximately the minimum 
amounts that would give nearly complete kill of crabgrass in a silt 
loam soil. Calculations for the acre rates were based on the herbi- 
cide being distributed uniformly through 2 surface inches of soil. 
In muck soil, a preliminary experiment using NPA, 2,4—D, and 
CMU indicated that these rates would not be satisfactory for break- 
down studies. Mixing the herbicides with the soil apparently in- 
creased absorption, thereby dissipating the herbicidal effects. There- 
fore, it seemed desirable to double the rates of application on this 
soil type. Thus NPA, CIPC, and TCA were applied at the rate of 16 
pounds per acre, and CMU and 2,4-D at 4 and 8 pounds per acre 
respectively. 

The herbicides were mixed uniformly with the soils. The treated 
soils were placed in 9 inch Pyrex dishes and covered with glass panes 
which permitted aeration but conserved moisture. The dishes were 
then placed in temperature chambers at 8, 18, 25, and 35° C. The 
soils were maintained in moist condition throughout the course of 
the experiment. 


| 
| | 
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Soil samples were removed periodically and relative breakdown 
rates determined biologically and in the case of NPA a chemical 
test was also employed. All tests were run in triplicate. Soil samples 
for the biological test were placed in cellophane cylinders | inch 
tall and 25% inches in diameter which in turn were placed in open 
petri dishes allowing for sub-irrigation. 

Results of these studies (Table 1) indicate that the rate of break- 
down varies for the different herbicides used and is also greatly in- 
fluenced by soil type. 


Table 1. Time in weeks required for complete dissipation of five herbicides 
in three soils at four temperatures and per cent activity at the end of 12 
weeks for those still active at this time. 


Fine sand Silt loam Muck 

cide! ge | 18° | 25° | 35° | 8° is? | 25° | 35° | 8° | 18° | 25° | 35 

Time in weeks required for dissipation 
2,4-D 12+ | 8 8 | 10 | 6 | 6 6 i 2 12 10 8 & 
NPA 12+ | 12 10 8 8 6 6 4 12+ 12 10 | 6 
CIPC 12+ | 12+ | 12+ | 12+ | 12+ | 10 x 6 12+ 10 10 | ti 
TCA 12+ | 12+ | 12+ | 12+ | 124+ | 12+ | 12+ | 12+ | i2+ | 12 10 | 12 
CMU 12+ | 12+ | 124+ | 12+ | 12+ | 12+ | 12+ | 124+ | 12 10 8 | 
Per cent herbicidal activity after 12 weeks 
NPA | | — }|— |- 22 
CIPC |100 | 93 | 93 | 46 65 13 
TCA |100 93 93 | 73 | 4 | 4 | 14 88 
CMU /|100 1100 1/100 98 | 98 | 97 93 
| | | | | | | 


INPA, CIPC, and TCA were applied to the fine sand and silt loam soils at the rate of 8 pounds 
r acre; CMU and 2,4-D were applied at 2 and 4 pounds per acre respectively. Rates were doubled 
or muck soil. 


2,4—D. In general the disappearance of 2,4—-D was proportional 
to the temperature. Breakdown was more rapid in silt loam than in 
sandy soil and most rapid in muck. In the preliminary experiment 
2,4—D at the same rate (4 pounds per acre) disappeared rapidly in 
the muck soil, in 1 week at 18 and 25° and in 4 weeks at 8 and 35° C. 
Thus muck appears to dissipate or inactivate 2,4—-D rapidly. “Vhen 
the rate was doubled (Table 1) longer periods of time were required 
for inactivation. 

NPA. Breakdown of NPA was somewhat slower than that of 2,4—D 
and was proportional to the temperature. As with 2,4—D loss of 
activity was greater in silt loam than in sandy soil and greatest in 
muck. In the preliminary experiment, NPA at the same rate dis- 
appeared rapidly in muck, in one week at 25 and 35° and in two 
weeks at 8 and 18°. When the rate was doubled (Table 1) longer 
periods of time were required for complete dissipation. 

A chemical assay for NPA was also conducted and was compared 
with the biological assay. NPA was determined colorimetrically 
with a Coleman Universal Spectrophotometer, Model 14, using 
Smith and Stone’s technique (24). In the silt loam and sandy soils 
the results were essentially the same as those obtained with the 
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biological method. In the muck series color interference was en- 
countered with the chemical test such that the chemical assay ap- 
peared to be unable to measure all NPA that was biologically active. 
Thus the chemical assay indicated a slightly faster dissipation rate 
than the biological assay. 

TCA. In the sandy soil (Table 1) relatively little breakdown of 
TCA was observed, but that which did occur was proportional to the 
temperature. Much more breakdown occurred in the silt loam and 
especially in the muck. Again dissipation was a function of tem- 
perature. 

CIPC. Table | indicates that very littke CIPC breakdown took 
place in the sandy soil during the course of the experiment. Only at 
35° was there any appreciable loss in activity. In the silt loam soil 
a considerable amount of breakdown did occur, but the herbicide 
was still very active at 8° at the end of the experiment. Breakdown 
in muck in which double rates were used was rather rapid at 35°, 
disappearing in 6 weeks just as in the silt loam. Ten weeks were 
required for inactivation at 18 and 25°, and most of the activity had 
gone at 8° after 12 weeks. 

CMU. No loss in activity of CMU was observed in the sandy soil 
and only a slight amount in the silt loam throughout the course of 
the experiment (12 weeks). In the preliminary experiment with 
muck in which the same rate was used (2 pounds per acre) there 
was no herbicidal activity. When the double rate was employed 
(Table 1), growth of crabgrass was equivalent to 16 per cent of the 
control initially. The activity disappeared in 4, 8, 10, and 12 weeks 
at 35, 25, 18, and 8° respectively, the implication being that the 
muck apparently has a tremendous capacity for CMU inactivation 
and decomposition. The sandy and silt loam soils, on the other 
hand, exhibited practically no capacity for either over a 12-week 
period of time. 

MOVEMENT OF HERBICIDES 


‘Two types of herbicidal movement studies were carried out. A 
percolation study was designed to follow the movement of the herbi- 
cides through soil columns following the addition of a constant 
amount of water (2 surface inches). A leaching study was designed 
to determine the relative amounts of rainfall required to remove the 
herbicides from the surface of the 3 soil types. Four replications 
were employed in both studies. Herbicides were applied in solution 
or suspension to the soil surface. NPA, TCA, and CIPC were applied 
at the rate of 8 pounds per acre and CMU and 2,4—-D at 2 and 4 
pounds per acre respectively. Distilled water was used in both 
studies to simulate rainfall. 

Percolation Studies. Cellophane cylinders 254 inches in diameter 
and 15 inches tall were filled with soil moderately packed to simulate 
a well prepared seedbed and then saturated with water. The herbi- 
cides were applied to the soil surface. Six hours were allowed for 
any reaction with the soil. The columns were then leached with 2 
surface inches of water. After 12 to 24 hours the columns were sliced. 
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Slices 1 inch in thickness were taken such that depths of 0, 1, 2, 4, 
6, 8, and 10 inches could be assayed for herbicidal activity. The 
biological assay previously described was employed. Bank sand was 
sprinkled lightly over the seed so that no disturbance of the soil 
column segments was made. These segments were placed in petri 
dishes which allowed for sub-irrigation. 

The results (Figures 1, 2, and 3) showed that TCA was very mo- 
bile. Its greatest concentration was not at the surface layer as was 
found with other herbicides but at 2, 4, and 6 inch levels for silt 
loam, muck, and sandy soils respectively. 

NPA and 2,4—D were less mobile than TCA. Both were uniformly 
distributed through the sandy soil column with progressively less 
movement in the silt loam and muck soils. CMU moved still less and 
was affected similarly by soil type. CIPC was the most resistant to 
movement. Although it was present at the | inch level in the sandy 
soil, activity was observed only in the surface of the silt loam and 
muck soils. 

Leaching Studies. The second series of herbicide movement studies 
were conducted to determine the relative amounts of rainfall that 
would be required to remove a given herbicide from the surface of a 
particular soil. The soils, herbicides, and standard rates used in 
previous studies were again employed. 

Soil columns were prepared in glass cylinders 234 inches in diam- 
eter and 6 inches tall. The soil was moderately packed and water 
was added to saturate the soil. Chemicals were applied and 6 hours 
were allowed for any reaction with the soil. Columns were then 
leached with 0, 2, 4, 8, 12, and 16 surface inches of water. Each 
treatment was replicated 4 times. After the water had moved through 
the cylinder, 50 crabgrass seeds were planted on the surface and light- 
ly covered with sand. Results were taken as previously indicated. 

The data for the sandy soil (Figure 4) show that TCA and 2,4-D 
leached very rapidly and very similarly. Most of the toxicity moved 
out with 2 inches and all with 4 inches of water. CMU apparently 
leached very little. NPA and CIPC were intermediate both being 
quite resistant to leaching in this soil type. 

Data for the silt loam series (Figure 5) indicate that TCA and 
2,4—-D again leached readily, although 2,4A-D required more water 
(8 inches) for complete removal of toxicity. Movement of NPA ap- 
peared to be slightly greater and CIPC and CMU much greater than 
in the sandy soil. All CMU toxicity was gone with 16 surface inches 
of water. 

In the muck series also (Figure 6) TCA was very mobile, all the 
toxicity disappearing with 4 surface inches of water. Movement of 
2,4—D was greatly retarded, 16 inches being required to remove all 
toxicity. It was interesting to note that NPA behavior was very 
similar to that in the other soil types. Very little CIPC movement 
occurred. CMU movement appeared to be somewhat less than in the 
silt loam. 
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Figure 1. Movement of herbicides through a soil column, following application 
of 2 surface inches of water, as measured by crabgrass growth. 
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Figure 2. Movement of herbicides through a soil column, following application 
of 2 surface inches of water, as measured by crabgrass growth. 
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Figure 3. Movement of herbicides through a soil column, following application 
of 2 surface inches of water, as measured by crabgrass growth. 
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Figure 4. Effect of leaching on movement of herbicides from the soil surface 
as measured by crabgrass growth. 
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Figure *. Effect of leaching on movement of herbicides from the soil surface 
as measured by crabgrass growth. 
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Figure 6. Effect of leaching on movement of herbicides from the soil surface 
as measured by crabgrass growth. 


NPA RETENTION STUDIES 


An experiment was carried out to determine the effect of exchange 
capacity and organic matter on the degree to which field soils are 
capable of retaining a given herbicide, in this case NPA. In addition 
to the soils used in the previous studies, 9 others varying in organic 
matter and clay content were obtained from the Purdue Soil Test- 
ing Laboratory. These soils were analyzed for organic matter and 
exchange capacity (12). 

A 2 inch layer of each soil (176 cc.) was placed in a Buchner funnel 
fitted with Whatman No. 42 filter paper. NPA was added in dilute 
solution (10 ppm.) at the rate of 8 pounds per acre (6.1 milligrams 
per 176 cc. of soil) and additional water was added to distribute the 
NPA throughout the soil. The treated soils were allowed to stand 
overnight to allow for any reaction with the soil. They were then 
leached with the equivalent of 5.67 inches of rainfall, and the 
amount of NPA in the leachates was determined chemically (24). 
The amount retained was obtained by subtraction. 

Amounts retained by each soil were plotted against both exchange 
capacity and organic matter content (see Figure 7). Correlation co- 
efiicients were determined for each, both with and without the 
muck soil. All are highly significant, with those obtained using ex- 
change capacity being higher than the corresponding values using 
organic matter content. One could conclude from these values that 
exchange capacity would be a better measure of NPA retention than 
organic matter content. It was interesting to note that the amount 
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Figure 7. Effect of exchange capacity and organic matter on NPA retention 
by 12 soils. 
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retained by muck was not in a straight line relationship with the 
mineral soils plotted against either exchange capacity or organic 
matter. The writers are unable to fully explain this. It is known, 
however, that cations are held less tightly “ humus than by clay 
colloids (17). It is suggested, therefore, that NPA may be held less 
tightly by the muck colloids than by the clay colloids. It is also 
suggested, on the basis of the correlation coefficients presented, that 
the role of organic matter in NPA retention may be its contribution 
to exchange capacity. 


DISCUSSION OF RESULTS 


Results of these studies along with those of other workers indicate 
that the fate of herbicides applied to the soil is fourfold: 


1. Breakdown, either microbial or chemical, may occur. 

2. The herbicide may be leached out of the soil. 

3. The herbicide may be retained in the soil in an active or 

inactive form. 

4. Volatilization from the soil. 

The effectiveness of herbicides applied to the soil is obviously 
dependent upon these factors. In this investigation breakdown, 
leaching and retention were studied. 


Breakdown: Evidence obtained by many workers indicate that 
biological activity plays a major role in herbicidal inactivation. 
Therefore, environmental factors affecting biological activity would 
be expected to influence herbicidal decomposition. Thus, an increase 
in temperature in the studies reported here generally increased the 
rate of breakdown. 

The effect of soil type on relative breakdown rates was very pro- 
nounced. Inactivation was least in the sandy soil, intermediate in 
silt loam, and greatest in muck (when applied at equal rates). The 
effect of soil type could be attributed to organic matter content 
and/or microbial population, the practical implication being that 
less residual activity can be expected in high organic soils than in 
lower organic ones if the same rates of application are employed. 
Other workers have reported greater dissipation with an increase in 
organic matter for 2,4—D (4, 15), TCA (2), and CIPC (25). 

Herbicides apparently vary in their resistance to breakdown, but 
this resistance is affected by the factors indicated above. CMU and 
TCA were very resistant to breakdown in the sandy and silt loam 
soils, but were readily inactivated in the muck. On the other hand, 
2,4—D was readily broken down in all soil types, the rate increasing 
progressively from the sandy soil to silt loam to muck. CIPC and 
NPA were intermediate in their resistance to breakdown, CIPC be- 
ing somewhat more resistant especially in sand. 

Movement: Obvious criteria for predicting the degree to which 
a herbicide will leach would appear to be the molecular size and the 
solubility of the herbicide and salts likely to be formed in the soil. 
Although these may be factors, results of the studies reported here 
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indicate that movement of herbicides in the soil cannot be predicted 
on a basis of their solubilities and molecular size alone. Many pre- 
emergence herbicides have been selected, perhaps empirically, on a 
basis of residual activity implying soil retention or resistance to 
leaching. 

Some herbicides are apparently not retained or retained to a very 
limited extent by the soil. TCA appears to be such a herbicide, 
as it was observed to leach very readily, and if any was retained, it 
was not biologically active. Soil type appeared to have little effect 
on its movement. This rapid movement of TCA is in agreement 
with data of other workers (2, 16). A practical implication of these 
results is that as a pre-emergence treatment depth of planting would 
be of little protective value against injury from TCA in any of the 
soil types used in these studies. Neither could long residual control 
be expected in a humid region. However, it should be pointed out 
that since breakdown in the mineral soils was very slow, quite a 
long residual effect might be expected in arid and semi-arid regions. 

The data reported here indicate that as with TCA, 2,4—D leaches 
very rapidly in a sandy soil. Although it also leaches readily in silt 
loan, the data suggest that a small amount which is still leachable 
with additional water is retained in an active form. In the muck 
quite different results were obtained. The 2,4—D is retained in active 
form so firmly that 16 inches of water were required to free the 
surface of all toxicity. These data indicate that of the soils studied 
only muck affords protection against 2,4—D for deeply planted seeds. 
Protection would, of course, vary with rainfall. This explains why 
growers are able to use 2,4—D on muck as a pre-emergence spray for 
onions, which are very susceptible to this herbicide (26). 

CMU, which was quite resistant to leaching in the percolation 
study, represents a third type of herbicidal behavior with reference 
to movement in the soil. In the sandy soil after 16 surface inches of 
water had been applied, CMU was still present in the surface in a 
highly toxic concentration. Since it is soluble up to 230 ppm, 16 
surface inches of water would be capable of dissolving 400 times the 
amount applied. Therefore, it would seem logical to assume that 
it was being held by the soil in an active form. Soil type was a factor 
since the CMU activity was greatly reduced in the silt loam and 
muck soils after large amounts of water had been applied. It is not 
reasonable to believe that more leaching had occurred in these soils 
(probably less in view of the percolation study) but rather that these 
soils were capable of inactivating part of the applied CMU. The 
capacity of muck to inactivate this herbicide was pointed out in the 
breakdown studies where it was mixed with the soil. These results 
are in agreement with those of Ries and Sweet (21) who reported 
less crop injury from a pre-emergence treatment of CMU as organic 
matter was increased, and indicate that deep planting would afford 
considerable crop protection in organic soils. 

Still another type of herbicidal behavior in the soil is shown by 
CIPC. Results of the percolation and leaching experiments indicated 
that of the herbicides tested CIPC was the most resistant to move- 
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ment. Important implications of these studies are that deep plant- 
ing should give considerable depth protection from CIPC when used 
as a pre-emergence treatment and that it should be highly resistant 
to loss by leaching. 

NPA movement and retention in the soil could be considered 
intermediate and varied with soil type. Data from the percolation 
study showed that it was highly mobile in the sandy soil, less so in 
the silt loam and least mobile in the muck. On the other hand, its 
activity was not completely removed in any of the soil types by 
leaching with 16 inches of water. These data would indicate a lack 
of depth protection to crop seedlings on the mineral soils yet good 
retention of activity in the surface following heavy rains. 

These results emphasize that there is an interaction between 
herbicidal movement and soil types. Therefore, one cannot predict 
herbicidal behavior in other soils from studies in only one soil. 
Similarly movement of other herbicides cannot be predicted from 
the performance of one herbicide in several soil types. Furthermore, 
these studies have indicated that more than one type of study is 
necessary to gain an insight into a complete picture of herbicidal 
movement in soils. 


SUMMARY 


The fate and activity of 5 herbicides (2,4-D, TCA, NPA, CIPC, 
and CMU) in 3 soil types were studied. Breakdown, percolation, 
leaching and retention experiments were conducted. 

The following results were obtained: 

1. In general herbicidal breakdown was found to be proportional 
to the temperature as would be expected in microbial decomposition. 
Soil type had a profound effect on breakdown, the rate increasing 
progressively from the sandy soil to silt loam to muck. Organic mat- 
ter was believed to be responsible, at least in part, for this effect of 
soil type. Herbicides varied greatly in their resistance to breakdown. 
In general, CMU was most persistant followed in order by TCA, 
CIPC, NPA, and 2,4-D. 

2. There was an interaction of herbicides and soil types in rela- 
tion to herbicidal movement and retention. TCA moved rapidly in 
all 3 soil types; 2,4—D also leached readily in the mineral soils but 
was resistant to movement in the muck. NPA moved fairly readily 
in the sandy soil, was somewhat resistant to movement in the silt 
loam, more resistant in the muck, but was retained to a considerable 
extent in active form in the surface of all 3 soils. CMU was resistant 
to movement especially in the muck soil, and CIPC was highly 
resistant to movement in all $ soils. 

3. The capacity of muck to inactivate herbicides such as CMU 
was demonstrated. 

4. There was a highly significant correlation between retention 
of NPA by mineral soils and exchange capacity, and a somewhat 
sinaller but still highly significant correlation with organic matter 
content. 
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Uptake, Distribution, and Metabolism of Carbon-14 
Labeled Trichloroacetate in Corn and Pea Plants 


F. A. BLANCHARD 


Spectroscopy Laboratory, Dow Chemical Company, 
Midland, Michigan 


HE action of trichloroacetate, a herbicide of grass-type plants 

such as quack grass and Johnson grass, has been studied for 
several years by observing the morphological responses of treated 
plants. Its presence in such plants has been indicated by analyses 
for the trichloromethy! group with a colorimetric test using pyridine 
and sodium hydroxide (1, 10). A review by Barrons and Hummer 
(1) indicates that root absorption is a much more important avenue 
of entry than foliar absorption. They also report differences in TCA 
content in the expressed sap of several species of treated plants. At 
20 Ibs. per acre they found “very little” TCA in corn and beans 
(both TCA-susceptible). At 10 Ibs. per acre, they found “not a trace 
of TCA” in corn, “very little” in beans, but “a relatively high con- 
centration of TCA” in peas (a relatively TCA-tolerant plant). How- 
ever, Tibbitts and Holm (10) found 100 to 500 ug. of TCA per g. 
of fresh snap bean tissue from plants whose culture solutions con- 
tained 15 mg. of commercial grade 80% TCA as sodium salt per 150 
ml. of nutrient. In order to check these observations, and to see 
whether TCA itself is present in the plants, and if so to determine 
the pattern of its distribution within the plants, as well as to look 
for possible metabolic products, C'*-labeled was synthesized 
and used in tracer experiments with corn and pea plants. 


MATERIALS AND METHODS 


Preparation and Purification of C'*Cl,COOH 


The starting material for the synthesis was one millimol of 
C'4H,COONa!. This was converted to C'*H,;COOH on a vacuum 
manifold (3) and was then passed through a silica gel column in a 
chloroform butanol solvent (7) to remove 0.8% of non-radioactive 
propionic acid. The C'*-acetic acid together with chlorine and acetic 
anhydride (9) was then distilled via a vacuum manifold into the tip 
of a Pyrex finger projecting down from a Pyrex bulb. This reactor 
was then isolated from the manifold by a stopcock. The reactants in 
the tip of the finger were heated at 50-70° C. for 234 hours while 
being illuminated by a mercury vapor sunlamp (G.E. S-4). Dumas 
(4) reported preparation of TCA by photochlorination. To avoid 
vapor phase reaction, which on early inactive runs had led to 
considerable amounts of by-products, the light as well as the heat 
was confined to the finger tip. Upon cooling the finger to room tem- 
perature at the end of the chlorination period, the material in it 


1Purchased from Tracerlab, Inc., Boston, Mass. 
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solidified. Similar products of several inactive runs were identified 
by infrared analysis as TCA containing some dichloroacetic and 
monochloroacetic acids. 

As a first step in the purification, the product was extracted into 
carbon disulfide. After removing the carbon disulfide under vacuum, 
the TCA was taken up in water and further purified by passing it 
through Dowex 50 resin (acid form) acting as an ion exclusion 
column (13). Pooling of the best three cuts flowing from this column 
gave TCA of about 98% radio-purity as estimated by autoradio- 
chromatography. Three trace impurities were found. 


PLANT GROWING CONDITIONS 


Corn (Kingscrost) and peas (Perfection) were germinated in sand 
at 30° C. for 3-6 days and then grown one week with roots im- 
mersed in a mineral nutrient solution as described by Shive and 
Robbins (8) with added A-Z solution of Hoagland and Snyder (6). 
Plants were kept on a shelf 30 cm. below two 20 watt fluorescent 
lights (one white, one daylight) operated eight hours a day. At the 
end of this preparatory period the corn plants averaged 20-25 cm. 
in height with 3-4 leaves showing (not counting coleoptile). Pea 
plants were 7-11 cm. high. 


‘TREATMENTS 


The plants used to study uptake (via roots) and translocation or 
metabolism of TCA were transferred to fresh mineral nutrient 
solution to which had been added NaC'*-TCA to 34 ppm or 1.84 x 
10°*M. This concentration was chosen to approximate a field treat- 
ment of about 11 Ibs. per acre with three inch penetration and 50% 
soil moisture. Corn shows significant morphological changes at four 
Ibs. per acre (1). Other growing conditions were the same as in the 
pretreatment period. 

A corn plant and two pea plants were harvested immediately after 
3 days in the NaC'*-TCA solution. This treatment gives a slight 
stunting of the corn, but no noticeable effect on the peas. Another 
corn plant was harvested after a 15 day treatment. This had limited 
its height increase during that time to 50% of that of an untreated 
control. A third corn plant was treated 3 days and then returned to 
plain nutrient for 1 week before harvest. All leaf blades were re- 
moved from another corn plant prior to a 3 day treatment. These 
were all used to study TCA distribution within the plants. One 
corn and one pea plant were harvested after 3 days to look for 
metabolic products. 

One corn plant was used to test for uptake and translocation by 
foliar absorption. It was first transferred to fresh mineral nutrient, 
then the outer half of the 3rd leaf blade was dipped for 2 minutes 
in a 2% aqueous NaC'™—-TCA solution with 0.1% Triton x 155 
(Rohm and Haas) added as a wetting agent. The leaf was then 
drained and the plant held 24 hours before harvesting. 


276 WEEDS 


ANALYSES 


At the end of the treatment period the plants were removed from 
the nutrient, and the roots (also the dipped blade of the corn plant 
receiving the foliar application) were rinsed with distilled water 
and blotted dry. The plants were then dissected into various frac- 
tions as given in Tables 1 and 2. These fractions were each cut up 
into pieces about 0.5 cm. long. 

For the uptake and translocation experiments the pieces from 
each fraction were placed in a small tared aluminum dish in a 
desiccator which was then evacuated. After drying and weighing 
they were oxidized to convert the carbon to CO.. This was done by 
an adaptation of the wet combustion method of Van Slyke and 
Folch (11, 12). One sixth of a millimole of this C'*O, was distilled 
into a Geiger-Mueller tube, and the radioactivity from the C'™ de- 
termined by the method of Eidinoff (5). Sample activities ranged 
from 6 cpm to 2000 cpm above background. By comparison with 
determinations of activity from C!4-TCA standards, these data were 
converted to ppm dry weight of plant parts. 

For the metabolism studies, the juice from each fraction was ex- 
pressed onto a small spot along one edge of a sheet of Whatman #1 
filter paper by squeezing it, a piece at a time, between the paper, 
backed by a glass plate, and a glass cylinder. Spots of standard 
C™-TCA were included in the series. After air drying, the paper 
was hung in a cabinet and developed as a one dimensional descend- 
ing chromatogram using the organic phase of a 1-1 v/v mixture 
of 1—pentanol with 5 M formic acid (2). The completed chromato- 
grams, after air drying, were sprayed with bromphenol blue indi- 
cator (2), and were then placed against Eastman Type K Industrial 
X-ray film. After 91 days of exposure, the films were developed. 


RESULTS 


TCA itself, but no metabolic breakdown products, was found in 
a corn and a pea plant. For, with a single exception, the only 
activity found on the chromatograms of juices expressed from their 
roots, stems, and leaves, was in spots corresponding in position to 
the standard TCA spots run on the same papers. The exception was 
a minute amount of activity in some of the pea juices corresponding 
in location to that of one of three trace impurities in the standard 
TCA. The indicator spray showed at least five non-radioactive acids 
on the chromatograms. 

The distribution of TCA within corn and pea plants treated with 
TCA under several conditions is presented in Tables 1 and 2. There 
was uptake of TCA by a foliage-treated plant. The amount, however, 
was small compared to the quantity applied. In comparison much 
more was taken in by the root-treated plants. Tops and roots of the 
three day-treated corn plant contained 70-75% as much TCA as 
those of similarly treated pea plants. However, the shoot apex region 
of the former contained only 30% as much as that of the latter. 
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SUMMARY 


NaC!*-trichloroacetate (NaTCA) was synthesized and used in 
tracer experiments with corn (susceptible to TCA injury) and ps 
(relatively tolerant to TCA) plants. The presence of TCA itself in 
TCA-treated corn and pea plants was confirmed by autoradiograms 
of paper chromatograms of the expressed juice of roots, stems, and 
leaves. No metabolic derivatives were found. The uptake and dis- 
tribution of TCA in several corn and pea plants was determined by 
measurement of C** radioactivity. 


Table 1. Distribution of trichloroacetate in corn plants treated with 
NaC"-trichloroacetate, based on radioactivity found. 


Given as ppm dry weight of plant tissue. 


Root application 34 ppm in nutrient solution | 


——| Foliar 
Fractions 3 day treatment | applica- 
- 15 day tion 
Immediate Delayed Debladed treatment 
harvest harvest 
734 282 754 974 | 94* 
(74) ** (20) (99) (122) — 
Ist node.... 340 274 | 
Shoot apex..... 128 -— 170 1286 122 
1st leaf sheath... . 620 — 142 — 241 
ist leaf blade....... 429 — 34 
2nd leaf sheath ‘ 526 700 135 2460 j——— 
2nd leaf blade 690 638 
3rd leaf sheath. 316 | -—— 161 -——- 128 
3rd leaf blade...... 786 -— — 10,680T 
| 996TT 
4th leaf sheath....... 258 547 — 1125 135 
4th leaf blade 805 566 3000 160 
Youngest leaf....... 198 -—— | 122 888 162 


*0.1 ppm of trichloroacetate was found in the residual nutrient solution 
**Figures in parentheses give ppm on a wet weight basis. 

tTreated portion of leaf: Dipped in 20,000 ppm solution. 

ttPortion of leaf adjacent to treated portion. 


Table 2. Distribution of trichloroacetate in pea plants grown with roots in 
34 ppm NaC*™-trichloroacetate 3 days; then harvested. Based on radio 


Fractions Plant A Plant B 

Ist three internodes of stem... ... . 560 

4th and 5th internodes of stem 204 264 
4th and 5th leaves... .. 2000 585 
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New Growth Regulating Compounds 
IV. Selected Toloxyacetic Acids 


D. Reapy and C. E. Mrnarixk! 


INTRODUCTION 


URING the course of investigation of the activity of some organic 

compounds selected for potential herbicidal effects (5), many 
candidates appeared to have activity equal to that of the standard 
2,4—dichlorophenoxyacetic acid (2,4—D), while a few appeared to be 
more active. One of the latter was p-—fluoro—o-toloxyacetic acid, 
which was first prepared by M. S. Newman (3). 

Because of promising results obtained in preliminary tests of this 
growth-regulator, it was subjected to more thorough evaluation by 
a number of greenhouse and growth chamber tests. The particular 
compound which was used in the later studies was synthesized ex- 
pressly for this purpose by the Pennsylvania Salt Co. and did not 
differ in activity from the original sample. 

Although the primary objective of these tests was to reevaluate 
the activity of p—fluoro—o—toloxyacetic acid in comparison with 2,4— 
dichlorophenoxyacetic acid, comparisons with some other members 
of the ortho toloxy family containing halogens in the para position 
were also made to evaluate the effectiveness of these halogens as com- 
pared to fluorine. Unfortunately, since the iodo compound was not 
available, this series is incomplete. 


MATERIALS AND METHODS 


The inhibitory activity of the growth-regulators was determined 
by several methods involving various crop species and different 
methods of application. The corn germination test (A), kidney-bean 
single oil (D) and aqueous (C) droplet tests as previously described 
(5) were used without modification. The cucumber test (B) of 
Ready and Grant (4) and an oats soil test (E) which was developed 
by Ready and first reported by Minarik (1) were also employed. In 
addition a test involving the application of 1 to 10 mg. of the 
growth-regulator in aqueous solution to soil in which squash seed- 
lings (var. acorn) were growing was also employed (H). Treatment 
was made when the first true leaf had just fully expanded and the 
plant was from 4 to 6 inches in height, and the plants were har- 
vested 7-10 days after treatment. Inhibition of fresh weight of new 
terminal growth was employed as the criterion of effectiveness. 

Another soil test using wheat (var. Thorne) as a test plant and 6” 
petri dishes as the culture vessels aided in the evaluation of effective- 
ness of the inhibition of germination and subsequent monocotyledon 
development (F). A solution equivalent to 1.7 Ib./A, was poured 
directly on the soil. The rate was expressed on the basis of soil 
weight. Twenty-five seeds were planted in each dish and 3 dishes 
were used per treatment. 


‘Biochemist and Plant Physiologist respectively, Camp Detrick, Md. 
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An additional test was one in which an aqueous solution of the 
test substance was added to the soil in which established rice plants 
(var. Onson) 6 weeks old were growing (G). The rate was 5 or 10 
mg per 14 gallon glazed pot or 3.5 or 7 Ibs./A. and the measure of 
effectiveness was inhibition of fresh weight of tops. 

A final method was the aqueous spray of bean seedlings (var. red 
kidney) as described by Minarik et al (2); the only variation was 
that the volume of solution used for spray was reduced to 2 ml. (1). 

In all of the above tests regardless of criteria, the results are ex- 
pressed in terms of per cent inhibition based on an untreated con- 
trol which was included in each test. 


RESULTS 


Results of the tests appear in Table 1. Although these figures 
represent quantitative measurements of inhibitory activity it should 
be remembered that in biological data small differences in values are 
of such normal occurrence that these are not to be considered sig- 
nificant. Examination of these data make it quite evident that the 
activity of p—fluoro—o-toloxyacetic acid is essentially equal to or 
greater than that of 2,4—-dichlorophenoxyacetic acid in all tests but 
two, and that it is the most active compound in this o—toloxyacetic 
acid series. Also that the order of effectiveness of the halogens in 
descending order is fluorine, bromine, and chlorine*. Exceptions 
occur in the case of corn, cucumbers, and kidney bean droplet tests 
where there seems to be no inherent difference, and in the case of 
wheat where the bromine derivative rated lower than the others. 
In the case of acorn squash where at each of four levels the bromine 


Table 1. The inhibitory activity of selected plant growth-regulators as 
determined in nine different tests. Figures represent per cent inhibition 
produced by the compound when compared with the untreated control. 


2,4-dichloro- | o-toloxyacetic acids 
Test Dosage rates | phenoxyacetic | 
acid | 4-fluoro | 4-chloro-| 4- bromo- 

A. Corn germination........... 1 ppm. 23 | 39 17 | 15 

10 ppm. 59 70 84 7 

B. Cucumber germination...... 0.5 ppm. 85 87 | 76 | 76 
1.0 ppm. 86 86 | 82 83 
C. Kidney bean water droplet. . . 4 */plant 39 | 12 15 5 
D. Kidney bean oil droplet... .. . 5 «/plant 77 79 60 58 
5 mg. /pot. 16 41 | 2 -13 
F. Wheat germination—soil.... . 0.3 mg. /plate 61 | 7 52 16 
G. Rice—irrigated............. 5 mg. /pot. 21 21 10 -- 
10 mg. /pot. 26 38 13 _ 
H. Acorn squash—soil.......... 1 mg. /pot. 14 34 -30 62 
3 mg. /pot. 24 7 17 84 

5 mg. /pot. 76 79 33 81 
10 mg. /pot 80 91 59 87 
I. Kidney bean aqueous spray... 50 «/pot. 72 62 20 24 
100 /pot. 64 90 36 36 
51 61 34 49 


*iodine not available. 
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compound seems to be better, the cause may well be in the realm 
of specificity. 

As a result of these nine diversified tests, it would appear that the 
p-fluoro—o-toloxy acetic acid compound is not only the best one of 
the p-monohalogenated—o-toloxyacetic acid series tested, but that it 
is at least equal to 2,4-D for growth-inhibitory action. The other 
members of this series are generally inferior to 2,4A—-D except the 
para-bromo compound which is outstanding for its effect on acorn 
squash. Here is posed the question of possible specificity. 


SUMMARY 


While the iodo compound was not available for test, the most 
effective compound in the series of para~monohalogenated—o-tol- 
oxyacetic acids was the fluorine containing member. 

Para-fluoro—o-toloxyacetic acid was at least equal in growth- 
inhibitory activity to 2,4-D when tested by nine different methods. 

Acorn squash was more susceptible to 4—bromo-—o-toloxyacetic 
acid than to 2,4—D, or the corresponding fluoro or chloro members 
of the toloxyacetic acid series. 
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Effectiveness of Isopropyl N—(3—Chlorophenyl) Carbamate 
As a Selective Pre-Emergence Herbicide in Cotton" * 


CHESTER L. Foy? 


INTRODUCTION 


tr of the most important of the numerous difficulties involved 
in the successful production of cotton is that of controlling 
weeds. The fertile soils and humid seasons generally occurring in the 
Delta, provide optimum conditions for abundant weed growth. 
During 1951, Missouri cotton producers spent approximately $10,- 
000,000 for hand-labor alone in the production of a $69,000,000 
—- With the exception of Johnson grass (Sorghum halepense L.) 
and some perennial vines, annual weeds (particularly grasses early 
in the season), are most troublesome. By far the worst offender under 
the conditions of the 1951 through 1953 experiments was crabgrass 
(Digitaria sanguinalis L. (Scop.). 

With the presently low and ever decreasing labor supply, mecha- 
nization is not only desirable, but may become essential in order to 
produce cotton profitably. Weed control, along with harvesting, 
stands foremost among the last remaining barriers to complete 
mechanization of the crop. 

Experiments in Missouri and elsewhere have shown that by the 
use of such relatively new agronomic practices as hill drop planting 
to a stand, cross plowing, application of pre-emergence and _ post- 
emergence chemicals, and flame cultivation, the cost of hand labor 
can be materially reduced below that of former methods. Research 
programs with herbicides in cotton have been widely expanded 
throughout the cotton belt in recent years. In 1952, for example, an 
estimated one-quarter million acres of cotton were “chemically 
hoed”, and this figure is likely to show a rapid increase in the 
immediate future. 

The objectives in Missouri are basically these: (1) reducing or 
eliminating hand labor from cotton production; and (2) finding a 
practice which provides a reasonable amount of insurance against 
crop failure due to early weed infestation. For these reasons, speci- 
fically the latter, most attention has been given to pre-emergence 
herbicides. The new agricultural chemical isopropyl N-(3-chloro- 

henyl) carbamate (CIPC) showed excellent promise for this use in 
1952 and 1953, particularly against annual grasses. 


?The 1952 results are part of a thesis submitted in partial fulfillment of the 
degree of Master of Science, Department of Field Crops, University of Missouri, 
Columbia, Missouri, and 1953 results are a continuation of the project. 

*The work reported herein was supported in part by a grant-in-aid from the 
Columbia-Southern Chemical Corporation of Pittsburgh, Pennsylvania. 

*Formerly Assistant Instructor, Department of Field Crops, University of Mis- 
souri. Now Assistant Specialist, Department of Botany, University of California, 
Davis, California. 
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REVIEW OF LITERATURE 


CIPC is one of the recent additions to the family of carbamates, 
typified earlier by the more familiar IPC. A voluminous literature 
concerning IPC exists, but few references relate to cotton. The early 
work in the United States with the carbamates was conducted by a 
group of investigators at Camp Detrick (19). Ennis (8) first demon- 
strated the tolerance of cotton to CIPC, in comparison with other 
crops, when the herbicide was applied to the soil. DeRose (5) first 
illustrated the possible value of CIPC for selective use against crab- 
grass. The first great promise for CIPC as a selective pre-emergence 
herbicide in cotton was shown by Leonard et al. (14) in 1949 in 
Mississippi. These experiments suggested extensive field use of CIPC 
as a pre-emergence herbicide in controlling crabgrass and other 
weeds in cotton. Differential responses by various species have been 
noticed by several workers, and many agree that best selective action 
against grasses has been obtained on loamy, productive soils, high in 
organic matter (3, 6, 21). The mode of CIPC toxicity is now known 
to be similar to that of IPC (5, 8, 9). DeRose (5) found evidence of 
CIPC’s longer persistence in the soil, and Ennis (8) noticed the 
increased phytotoxicity due to the introduction of the chlorine 
atom to the IPC molecule. Other pertinent facts are also now known 
concerning the use of CIPC: Meristematic root tissue is most vul- 
nerable (2, 11), therefore best results are obtained through soil ap- 
plication (4, 7); it is relatively immobile in the soil (18); adequate 
moisture is essential for effective control, however, heavy cool rains 
may leach toxic concentrations into the zone of germinating cotton 
and cause injury in certain cases (10, 13, 15). Moisture, temperature, 
soil type, fertility, soil microflora, and rate of application govern the 
persistence and final effectiveness of CIPC (6, 11, 16, 21). Recent field 
studies in several other states have shown much success in the pre- 
emergence use of CIPC in cotton (1, 12, 13, 15, 17, 20). 


METHODS AND MATERIALS 


A total of eighteen field experiments involving the use of CIPC 
in cotton were conducted in Southeast Missouri during 1952 and 
1953 on a moderately fertile Lintonia sandy loam soil. Land prepa- 
ration and fertilization were conventional for the area. 

Planting on the level, and to a stand, was accomplished by use of 
a two-row tractor planter equipped with a hill drop attachment. In 
the pre-emergence tests the rows were rolled with 12-inch banded 
planter wheels or water filled drums of the same width, and the 12- 
inch bands directly over the row were sprayed immediately follow- 
ing. One exception was a test in which the type of press wheel used 
constituted the variable. Rates included in the table are expressed 
for overall coverage, even though only a 12-inch band over the row 
was actually treated. 

Inexpensive spray equipment, and the field pattern resulting from 
its use in 1952 are shown (Figures | and 2). In 1953, the test plots 
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Figure 2. A good stand of hill dropped cotton where a 12-inch band over the row 
was sprayed with a pre-emergence herbicide simultaneously with planting. 


‘ea 
Figure 1. Equipment used in 1952 to hill drop plant, smooth a 12-inch band, 
and apply pre-emergence herbicides. 
| 
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were fertilized, hill drop planted to a stand, rolled, and sprayed 
with a pre-emergence herbicide all in one operation. 

All pre-emergence materials were either dissolved, emulsified, or 
suspended in water, and applied in 40 gallons total volume per acre. 
For band treatment, this means 12 gallons per acre for cotton 
planted in 40-inch rows. All formulations of CIPC were emulsifiable 
concentrates. In another test not reported here, there was no essen- 
tial difference in the performance of CIPC from 7 different commer- 
cial sources and formulations, as long as the amount of active in- 
gredient was constant. 

A Broyhill spray rig and power take-off mounted gear-type pump 
were used for most field trials. Nozzle sizes, operating speeds and 
pressures were varied slightly between experiments, but, in general, 
8002 and 8003 Tee-Jet nozzles were used, and the rig was frequently 
checked for possible need of re-calibration. 

Weed counts were taken over the entire length of the plots by use 
of a 10-point quadrat over the 12-inch bands. Fifty 10-point trials or 
500 points were averaged and recorded. ‘Tests were replicated 4 to 6 
times, in accepted agronomic experimental designs. Cotton stand 
counts represented a 25 percent actual count. Hoeing time was ac- 
tual for each plot considered and was converted to an acre basis. 
Hoeing costs were computed at $.50 per hour and the cost of chemi- 
cals as follows: CIPC—$10.95 per gallon (1952), $7.50 per gallon 
(1953); DNOSBP—$5.25 per gallon; CMU—$3.50 per pound. CIPC 
containing 4 pounds of active ingredient per gallon; DNOSBP, ° 
pounds per gallon; and CMU as an 80 per cent wettable powder 
were the formulations used, and apply to all included tables. 

All cultivation was conducted in such a manner as to prevent mov- 
ing soil into the treated bands until such time as all notes were 
recorded or the chemicals had lost their effectiveness. 

All tests were statistically analyzed; however, certain tables are 
grouped as two-year averages, in which case statistical indices are 
omitted. 


RESULTS AND DISCUSSION 


Influence of Planting Date and Weather Conditions on Chemical 
Action 

First experiments with CIPC were made in comparison with dini- 
tro—o-secondary butyl phenol (DNOSBP), which was the most wide- 
ly used pre-emergence herbicide in cotton and considered to be the 
best standard for evaluation of new materials. To evaluate CIPC 
rapidly, under different weather conditions, the two chemicals were 
compared at equal rates (1952-by volume, 1953-by weight) over 5 
dates of planting beginning the middle of April and spaced 10 days 
to 2 weeks apart throughout the planting season. Table | is a sum- 
mary of 2 years’ data, each year representing tests on 5 dates of 
planting. 

Weed populations varied rather widely between dates of planting 
due to differences in temperature, soil moisture, and the number of 
ungerminated weed seeds remaining in the soil. ‘Temperature was 
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Table 1. Weed control, attendant costs, and resulting yields of cotton follow- 
ing the use of certain pre-emergence herbicides. Weed counts and hoeing 
time were recorded 3-4 weeks after treatment. (Summary of 10 experiments 
1952-1953). 


Percent- Hocing Hoeing Cost of Total Yield of 
Rate age weed time cost chemical cost seed 
Treatment Ibs. per coverage hours dollars dollars dollars cotton 
acre _— per acre | per acre per acre per acre Ibs/acre 
Check. —— 42.6 28.4 14.20 ao 14.20 1585 
DNOSBP 5.0-6.6 13.7 15.8 7.90 2.63 10.53 1610 
CIPC..... 6.6 5.6 8.4 4.20 4.61 8.81 1633 
| 


found to have a direct effect on the behavior of CIPC. Vapors of 
CIPC were apparently non-toxic, whereas DNOSBP vapors reported- 
ly accounted for considerable loss of cotton stands in 1952. Even 
though CIPC vapors were not injurious, loss of the chemical by 
volatilization became an important consideration, particularly when 
the temperatures were in excess of 90° F. immediately after treat- 
ment. Effectiveness of weed control appeared to be reduced propor- 
tionally to the loss of CIPC, as temperatures increased. 

Although CIPC was not considered readily leachable in the soil, 
moisture was nevertheless important to move the chemical to the 
zone of germinating weed seeds for maximum effect. Less favorable 
results were always obtained when both the soil and air were hot 
and dry than when ample rainfall closely followed application. Best 
weed control was experienced in the early spring when it was most 
needed. Ample rainfall and cool soil and air temperatures, which 
normally occurred during this period, were both conducive to maxi- 
mum retention and effect of the CIPC. Even under these conditions 
which sometimes stunt cotton plants directly, predispose them to 
fungus diseases, and render them more susceptible to chemicals, 
injury was rare when recommended rates of CIPC were employed. 
Regardless of weather fluctuations, both CIPC and DNOSBP pro- 
vided significant weed control in every test for 3 to 7 weeks (Table 
1). The tests were analyzed separately (not collectively), therefore 
statistical indices are not included. CIPC gave consistently higher 
percentages of weed control than equal rates (both by volume and 
weight) of DNOSBP. In many of the separate dates of planting the 
differences were statistically significant, and the trend was strongly 
evident throughout other dates of application. 

Although early observations showed only small differences be- 
tween DNOSBP and CIPC plots, later weed counts showed decided 
differences in the performances of the two chemicals (Table 1). This 
indicates that the toxic effect of DNOSBP was dissipated more quick- 
ly than that of CIPC. Percentage comparisons of weed control by 
each chemical are shown. Hoeing time and ultimate costs of weed 
control reflect a similar pattern. Although CIPC was more expensive 
than DNOSBP, it gave enough additional control so that when total 
costs were computed, CIPC was the most economical treatment. Con- 
trol of crabgrass was satisfactory (Figures 3 and 4). 
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Figure 3. Control of weeds in cotton with 6.6 pounds per acre of CIPC, approxi- 
mately 4 weeks after treatment. Middles were cleaned by a conventional culti- 
vator with shields to protect the treated bands. Note grass just off the treated 
bands. 


Figure 4. An untreated check plot showing profuse growth of weeds, primarily 
grasses, approximately 4 weeks after planting. The weeds were removed from 
the middles by conventional cultivation. 
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In two early plantings during cool weather, which were followed 
by heavy rains, CIPC caused cotton plants to exhibit injury symp- 
toms during the early growth stages (Figure 5). The cotyledons were 
heavy, cupped, and split; the true leaves were crinkled, deformed, 
reduced in size and were darker green than normal. These symptoms 
were soon overcome and the plants were soon equal to, or surpassed, 
untreated plants. 


Figure 5. Cotton treated with 9 pounds of CIPC per acre, approximately 4—5 
weeks after treatment (above), and 7 weeks after treatment (below). Note early 
injury symptoms were overcome in later growth. 


In taking weed counts, certain differential responses were noted. 
CIPC gave more selective action for annual grasses in general, and 
for crabgrass specifically, while DNOSBP appeared to give better 
control of certain broadleaved weeds. Among the species which 
CIPC did not control effectively were Johnson grass (Sorghum 
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halepense L.), nutgrass (Cyperus rotundus L.), Carolina horsenettle 
(Solanum carolinense L.), and ragweed (Ambrosia elatior L.). Pig- 
weed (Amaranthus spp.) was reasonably well controlled but less con- 
sistently than were the grasses. 

Most crabgrass seedlings were suppressed below the ground, and 
those which did emerge were inhibited by CIPC such that they never 
developed beyond one-inch in height. The plants were poorly rooted 
and the root tips were short and swollen. Their poor anchorage was 
demonstrated by the fact that a gentle brush of the hand dislodged 
these plants from the soil. No such phenomenon occurred in the 
DNOSBP treated plots. 


Effect of Press Wheel on Cotton Stand and Weed Control 


There is presently some controversy as to the merits of a press 
wheel or smoothing device. One reason for the use of a roller is to 
provide a smooth area on which to apply the chemical sprays, 
whether pre- or post-emergence liquids, or to flame cultivate. 

One test using CIPC under dry soil surface conditions showed no 
significant differences in weed control, cotton emergence, or yield, 
due to the type of planter press wheel used. 


Effect of Rate of Chemical on Weeds and Cotton 


Experiments to determine not only the most effective, but also the 
most economical rate of CIPC (when all costs are computed) have 
been conducted for 2 years. The 1953 results comparing CIPC, 
DNOSBP, and CMU (3-p-chlorophenyl—1, 1—dimethyl urea) are 
considered representative for this soil type (Tables 2 and 3). 

The same differential responses between weedy species were ap- 
parent. Excellent control of crabgrass was achieved with all chemi- 
cals at first, but DNOSBP began losing its effect after 4 weeks. Species 
not effectively controlled after 6 weeks by CIPC were ragweed and 
horsenettle. Annual morning glory emerged, but was decidedly 


Table 2. Effect of various pre-emergence herbicides on weed populations at 
1, 6, and 8 weeks after planting, and on cotton stands. Cotton planted 
May 9 and stands recorded June 18, 1953. 


|Percentage weed coverage in 12 in. bands Cotton 
: | Rate over row plants 
Treatment Ibs. per per 100 ft 
} acre | 4 weeks after | 6 weeks after | 8 weeks after | of row 
planting planting planting 
1. Check 74.2 —- — 109 
2. DNOSBP ‘oo 8.1 41.0 114 
3. DNOSBP | 9 2.9 24.7 —— 109 
4. DNOSBP 12 | 0.5 11.3 — 113 
5. CIPC -| 6 | 1.8 11.8 . 120 
6. CIPC aa 0.6 3.8 - 107 
7. CIPC 12 | 0.4 23 | 15.5 108 
8. CMU 1 | 0.1 0.4 5.2 123 
9. CMU 0.6 0.5 4.3 212 
10. CMU 2 0.0 | 0.2 } 2.5 108 
L.S.D. at 5% level 2.8 94 | 4.0 not significant 
at 1% level 3.8 12.7 5.7 
| 
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Table 3. Effect of various pre-emergence herbicides on the cost of weed 
control and on yields of cotton. 


Hoeing time hours/acre Hoeing Cost of Fotal cost | Yield of 
Rate cost chemical above lint 
Treatment | jbs dollars ous. 
2 doutlars pounds 
= 9 June 3 June | 10 July | per acre per acre per eave yar acre 
Check _— 27.8 — — 13.90 — 13.90 647 
2. DNOSBP 6 — 10.0 _ 5.00 3.15 8.15 581 
3. DNOSBP 9 —_—- 7.6 — 3.80 4.73 8.53 662 
4. DNOSBP | 12 — 5.4 — 2.70 6.30 9.00 609 
5. CIPC 6 _— 6.7 — 3.35 3.38 6.73 612 
6. CIPC 9 — 4.6 —_— 2.30 5.06 7.36 634 
7. CIPC 12 — — 2.9 1.45 6.75 | 8.20 629 
8. CMU. 1 — — 2.7 1.35 1.31 2.66 682 
9. CMU 1.5 -_ — 2.3 1.15 1.97 | 3.12 629 
10. CMU 2 — —_ 2.1 1.05 2.63 | 3.68 499 
L.S.D. at 5% level (all treatments) 1.6 64.7 
at 1% level 2.2 88.5 


stunted. Horsenettle was the most resistant species present, and was 
only slightly retarded by the high rate of CMU. 

CIPC at rates of up to 12 pounds per acre did not injure the 
cotton. CMU gave decidedly the best control, but it was also the 
only chemical which produced injury symptoms at all rates tested. 
Cotton stands were not altered, but the yield was significantly re- 
duced by the 2-pound rate of CMU. Optimum rates of CIPC for this 
soil type were in the range of 6 to 9 pounds per acre. It appeared 
that l-pound of CMU per acre should be the upper limit for safety 
of the crop. 

Should CMU or one of its derivatives be proven consistently safe 
enough for general use, it would be considerably less expensive than 
CIPC on a per-acre-of-cotton basis. No pre-emergence herbicide is 
known which will give complete control of all weeds incident to 
cotton production without causing some injury to cotton as well. 


SUMMARY 


1. In two years experimentation (18 tests), CIPC compared favora- 
bly with the best available pre-emergence herbicide used in cot- 
ton against annual grasses, particularly crabgrass, and against cer- 
tain broad-leaved weeds. Its limitations were realized with re- 
spect to controlling established perennial pests, and certain re- 
sistant annuals. 

2. The effectiveness and persistence of CIPC were influenced by 
many factors including temperature, moisture and rate of appli- 
cation. Highest herbicidal effectiveness was experienced under 
cool, moist conditions. 

3. Optimum rates of CIPC for the given soil type were 6 to 9 pounds 
per acre. 

4. The chemical had a long, residual action (6-8 weeks) for control 
of weeds during the season, yet allowed a wide margin of safety 
such that cotton yields were never reduced at rates as high as 12 
pounds per acre. 


4 
Cotton planted May 9, 1953. 
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lations in Norwegian waters. (Abs.) Internatl. Seaweed Symposium. 
Proc. 1:12-13. 1952, pub. 1953. 


. Martruuina, A. P. Effect of extent of weeding on soil moisture and growth 


of pine in the Archadinsk Forest Enterprise. (In Russian.) Lesn. Khoz. 
6(4):12-16. Apr. 1953. 


. TicerMan, M. H. Some infiltration characteristics of sagebrush cover. (Abs.) 


J. Range Mangt. 6:398. Nov. 1953. 


. Vencris, J. Weed populations as related to certain cultivated crops in the 


Connecticut River Valley, Mass. Weeds 2:125-134. Ref. Apr. 1953. 


Physiological Investigations 


Asen, S., and Hamer, C. L. Effect of growth-regulating compounds on de- 
velopment of basal shoots in greenhouse roses. Bot. Gaz. 115:86-89. Sept. 
1953. 


. Berezovsku, M. IA. To increase the effectiveness of using chemical prepa- 


rations in the control of weeds. (In Russian.) Dostizheniia Nauk. i 
Peredovogo Opyta v Sel’sk. Khoz. 5:26-31. May 1953. 

Brown, W. H., MinsHatt, W. H., Ropinson, J. R., and Waywett, C. G. 
Note on a physiologically active pseudourea. Canad. J. Agr. Sci. 33:622. 
Nov/Dec. 1953. 

Crarts, A. S. Relation of pH to the penetration and translocation of 2,4—-D 
in plants. West. Weed Control Conf. Proc. 13:1-6. 1952. 

Drysson, G., and Drysson, M. Recherches sur le mécanisme biochimique 
de l'action des poisons mitotiques. I. Un apport extérieur d’uracile peut- 
il s'‘opposer a L’action mitostatique exercée par le barbital, l’antipyrine et 
Vhydrazide maléique? Soc. de Chim. Biol B. 35:1209-1215. Ref. 1953. 

Eprs, E. A. Effect of 24—D on growth and yield of cotton. J. Agr. & Food 
Chem. 1:1009-1010. October 28, 1953. 

Frencn, R. C., and Brrvers, H. Respiratory and growth responses induced 
by growth regulators and allied compounds. Amer. J. Bot. 40:660-666. 
Ref. Nov. 1953. 

Grrutacn, V. A. Notes on the starch metabolism of plants treated with 
maleic hydrazide. Bot. Gaz. 114:480-481. June 1953. 

Hamiton, R. H., and Avpricu, R. J. Failure of light activated riboflavin to 
counteract the growth inhibition of two benzoic acid derivatives. Weeds 
2:202-203. July 1953. 

Havis, J. R. Effect of 2,4—-D sprays on the growth of young sugar cane. 
Weeds 2:148-154. Apr. 1953. 


. HorrmMann, O. L. Inhibition of auxin effects by 2,4,6—-trichlorophenoxyacetic 


acid. Plant Physiol. 28:622-628. Ref. Oct. 1953. 

Hosticka, H. E., Moran, W. T., and Oporn, E. T. Studies of herbicidal 
action on aquatic weeds using radioactive 5-I, 2,4—-D. West. Weed Control 
Conf. Proc. 13:40-48. 1952. 

IncEsTaD, T. Kinetic aspects on the growth regulating effect of some phenoxy 
acids. Physiol. Plant. 6:796-803. Ref. 1953. 


. Jornson, S. P., and Greutacn, V. A. Some effects of maleic hydrazide on the 


growth of Avena seedlings. Elisha Mitchell Sci. Soc. J. 69:177-181. Ref. 
Dec. 1953. 

KANDLER, O. Untersuchungen iiber die wirkung von 2,4-dichlorphenoxyes- 
sigsiure, of —naphthyles-sigsiure, natriumfluorid und vitamin B, auf den 
stoffwechsel in vitro kultivierter maiswurzeln. Planta 42:304-348. Ref. 
1953. 


. Kuineman, D. L. Effects of varying rates of 24-D and 2,4,5-T at different 


stages of growth on winter wheat. Agron. J. 45:606-610. Ref. Dec. 1953. 
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17. Lousrator, A. J., and Morris, M. P., Garcia, ]., and PAGAN, C. 2,4—D affects 
phosphorus metabolism. Science 118:627-628. Nov. 20, 1953. 

18. ————, and Muzik, T. J. Effect of 2,4-D on apparent photosynthesis and 
developmental morphology of velvet bean. Bot. Gaz. 115:56-66. Ref. 
Sept. 1953. 

' , and Cruzapo, H. J. A study of the persistence of CMU 

in soil. Agr. Chem. 8(11):52-53, 97-99, 101. Nov. 1953. 

20. McIiratn, W. J., and Ercie, D. R. Further evidence of persistence of the 
2,4-D stimulus in cotton. Plant Physio. 28:693-702. Ref. Oct. 1953. 

21. MarTett, M. Stereochemical studies on plant growth substances. Uppsala, 
Almqvist & Wiksell, 1953. 

22. Miuier, C., and Skooc, F. Chemical control of bul formation in tobacco 
stem segments. Amer. J. Bot. 40:768-773. Dec. 1953. 

23. Muzik, T. J., and Cruzapo, H. J. The effect of 2,4—D on sprout formation 
in Cyperus rotundus. Amer. J. Bot. 40:507-512. Ref. July 1953. 

24. Newman, A. S., and Derico, H. T. Action of isopropyl N-phenyl carbamate 
under various conditions. Weeds 2:169-177. Ref. July 1953. 

25. Orsenico, J. R., Secatt, R. H., Smitn, O., and WELLMAN, F. L. Systematic 
foliage distortions in coffee attributed to 2,4-D. Turrialba 3:100-101. 
July/Sept. 1953. 

26. Prerersen, E. L., and Naytor, A. W. Some metabolic changes in tobacco 
stem tips accompanying maleic hydrazide treatment and the appearance 
of frenching symptoms. Physiol. Plant. 6:816-828. Ref. 1953. 

27. Rice, E. L., and Ronesaucn, L. M. Effect of kerosene on movement of 2,4— 
dichlorophenoxyacetic acid and some derivatives through destarched bean 
plants in darkness. Bot. Gaz. 115:76-81. Sept. 1953. 

28. RiepmMA, P. The influence of IPC (isopropyl-N-phenylcarbamate) on peas. 
(In Dutch.) Netherlands. Rlandbvoorlichtingsdienst. Landbvoorlichting. 
10:467-469. Dec. 1953. 

29. Ries, S. K. A theory for the selective mechanism of chloro IPC. Weeds 
2:155-158. Apr. 1953. 

30. Swanson, C. R., SHaw, W. C., and Hucues, J. H. Some effects of isopropyl 
N-(3-chlorophenyl)carbamate and alkanolamine salt of dinitro ortho sec- 
ondary butyl phenol on germinating cotton seeds. Weeds 2:178-189. Ref. 
July 1953. 


Morphological and Anatomical Investigations 


1. Brapsury, D., and Ennis, W. B. Histological abnormalities of tubers formed 
on Irish potato plants sprayed with butyl 2,4,5-trichlorophenoxyacetate. 
Amer. J. Bot. 40:827-834. Dec. 1953. 

2. Garston, A. W., Baker, R. S., and Kinc, J. W. Benzimidazole and the 
geometry of cell growth. Physiol. Plant. 6:863-872. Ref. 1953. 

3. Greutacn, V. A., and Harstoop, J. G. Some cytological and anatomical ef- 
fects of maleic hydrazide. (Abs.) Elisha Mitchell Sci. Soc. J. 69:88-89. 
Dec. 1953. 

4. HAKANsson, A. Some chromosome numbers in Umbelliferae. Bot. Not. 
3:301-307. 1953. 

5. Hoactanp, A. R., Exwiott, F. C., and Rasmussen, L. W. Some histological 
and morphological effects of maleic hydrazide on a spring wheat. Agron. 
J. 45:468-472. Oct. 1953. 

6. KuroKAMI, T., and SocaBe, T. Studies with phytohormone treatments in 
controlling calyx abscission of summer oranges. III. Histological studies 
on the abscission layer in calyx of mature fruits of “Hassaku.” (In Japa- 
nese.) Hort. Assoc. Japan. J. 22:65-71. Ref. Sept. 1953. 

7. MACFARLANE, E. W. E. Cytological conditions in root tip meristem after 
gross antagonism of phenylmercuric poisoning. Expt. Cell Res. 5:375-385. 
Ref. Dec. 1953. 

8. McILratu, W. J., and Ercie, D. R. Developmental stages of the cotton 
plant as related to the effects of 2,4-D. Bot. Gaz. 114:461-167. June 1953. 
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Weed Seed Investigations 


. Bruns, V. F., and Rasmussen, L. W. The effects of fresh water storage on 


the germination of certain weed seeds. I. Weeds 2:138-147. Ref. Apr. 
1953. 


. Crescini, F., and Sprearico, L. Cultivated plants versus weeds. I. Re- 


searches on the biology of the germination of the achenes of Artemisia 
vulgaris L. (In Italian.) Ann. della Sper. Agr. (n.s.) 7:1597-1610. 1953. 

Hvipsten, L. Studies on the effect of ensiling on the germinating ability of 
weed seeds. (In Norwegian.) Tidsskr. f. det Norske Landbr. 9/10:242- 
260. Sept./Oct. 1953. 


. Rocennorer, E. Einige seltenere unkrautsamen im saatgut. Vienna. Bun- 


desanst. f. Pflanzenbau u. Samenpruf. Jahrb. 1951:69-71. 1952. 


. Timorrey, A. T. Effect of short-time heating of seeds on their germination. 


(In Russian.) Selek. i Semen. 20(5):77-78. May 1953. 
Vorvopin, A. V. On the possibility of clearing the soil from weed seeds. 
(In Russian.) Akad. Nauk SSSR. Dok. 93:325-328. Ref. Nov. 11, 1953. 


Ill. Weep Contro. 
Cultural 


Bocc1, A. The use of sheep to control weeds in the coffee plantation. (In 
Portuguese.) Chacarase Quintais 88:370-371. (Cont.) Sept. 15, 1953. 
Stone, E. C., and Junren, G. Mechanical clearing better for old stands of 

chamise; burning hastens revegetation. Calif. Cattleman, Jan. 1954:22-23. 


Chemical 
Weeds in Field Crops 


Botton, J. L., and Courtanp, R. T. The use of herbicides to control annual 
weeds in alfalfa. Canada. Expt. Farms Serv. West. Forage Crops Comt. 
Rpt. 1953: 178-180. 

CANTWELL, D. Weeds in cotton row killed by chemicals. What's New Crops 
& Soils 6(4):10-11. Jan. 1954. 

Capinpin, R. I. Development in chemical weed control on sugarcane weeds. 
(Abs.) Sugar News 29:368. Aug. 1953. 

Coste, A. C. Detter. Empleo de Herbicidas en el pais. Chacra 24 (276): 
28-29. Nov. 1953. 

Crowe, G. B., and Hotstun, J. T. The economics of weed control in cotton. 
Miss. Agr. Expt. Sta. C. 179, 14 p. Mar. 1953. 

DeNMARK. Statens Forségsvirksomhed Plantekultur. Chemical Control of 
weeds in flax (In Danish.) Tidsskr. f. Planteavl 56:169-172. 1952. 

Gaines, J. G. Chemical soil treatments for disease-weed control in tobacco 
beds. Ga. Coastal Plain Expt. Sta. Mimeog. Paper 82, 3 p. Sept. 1953. 

Garese, P., and Marsico, O. J. Los herbicidas en la lucha contra el vinal. 
Argentina. Dir. Gen. de Invest. Agr. IDIA 69:7-12. Sept. 1953. 

Haskew, H. C. The effect on C.C.S. of spraying 2,4-D on to growing cane. 
Queensland. Bur. Sugar Expt. Sta. Cane Growers’ Q. B. 17:52-53. October 
1, 1953. 

Hitt, G. D., Kuincman, G. C., and Wortz, W. G. Chemical weed control in 
tobacco plant beds. N.C. Agr. Expt. Sta. B. 382, 43 p. June 1953. 

HorrMan, O. L. Enter: CIPC; exit: weeds on cotton. Agr. Leaders’ Digest 
34(9):10-12. Oct. 1953. 

Hoiz, W. Erfahrungen bei der diesjahrigen unkrautbekimpfung im get- 
reide. Praxis u. Forsch. 5:209-211. Oct. 20, 1953. 

Hurcuins, R. E. 2,4—D herbicides pose threat to cotton and other susceptible 
crops. Science 118:782-783. Dec. 25, 1953. 

Kvetio, B. P. Kjemisk ugrastyning i korn (Chemical control of weeds in 
grain). Norway. Stat. Plantevern. Flygeskr. 50, 7 p. May 1953. 


5. Lirsuirs, N. Weed control in winter crops. (In Hebrew.) Hassedeh 34:66- 


67. Nov. 1953. 
Rocuecouste, E. Practical aspects of chemical weed control in sugar-cane 
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fields in Mauritius. Trop. Agr. (St. Augustine) 30:178-182. July/Sept. 
1953. 

SCHONBRUNNER, J. Chemische unkrautbekampfung im getreide. Bundesanst. 
f. Pflanzenschutz. Flugbl. 92, 4 p. 1953. 

Sure, F. W. Weed and grass control in soybeans. Soybean Digest 13(11): 
29-30. Sept. 1953. 


. Stryckers, J. Higher production and better weed control in winter grains 


through winter spraying with ammonium dinitro-ortho-cresol. (In Flem- 
ish.) Land- en Tuinbouw Jaarb. 8:135-144. Ref. 1953/54. 

, and Staats, M. Weed control in hybrid maize. (In Flemish.) 
Gen. Landbhogesch. Meded. 18:439-454. May 5, 1953. 


. Tatiey, P. J. Chemical trends in cotton production. Middle So. News 


5(6):1-3. Dec. 1953. 


Weeds in horticulture, ornamental, and vegetable crops 


- Boucuet, R. L. Applications nouvelles du 2,4-dichlorophénoxyacétate de 


sodium et du dinitrophénate d’ammonium dans le domaine du desherbage 
sélectif des cultures maraicheres et ornementales. Internat!. Hort. Cong. 
Rpt. 13:344-348. 1952. 

Carison, R. F., Gricssy, B. H., and Carotus, R. L. Weed control in estab- 
lished asparagus plantings with CMU (3-(p-chloropheny])-1, 1-dimethyl- 
urea) (a preliminary report). Mich. Agr. Expt. Sta. Q. B. 36: 163-168. 
Nov. 1953. 

Cross, C. E. Weed control in cranberries. Amer. Cranberry Growers’ As- 
soc. Proc. Annu. Conv. 84:10-18. 1953. 

Fercuson, W. Chemical weed control in vegetable crops in Canada. Inter- 
natl. Hort. Cong. Rpt. 13:349-360. Ref. 1952. 

Ganestap, E. O., Seace, C. C., and Joyner, J. F. Preliminary studies in the 
use of herbicides for the control of weeds in Sansevieria. Weeds 2:113- 
118. Ref. Apr. 1953. 

Hirano, M., and Murakami, M. Effects of cultivating, weeding and mulch- 
ing wheat straw in the sweet potato cultivation. (In Japanese.) Kyushu 
Agr. Res. 12:35-36. Sept. 1953. 

IsRAEL, Dept. OF AGRICULTURE. PLANT PRoTECTION Dept. Preemergence 
weed control in potatoes. (In Hebrew.) Hassadeh 33:788-789. Sept. 


1953. 

————. Spraying with light oils to control weeds in carrots & allied crops. 
(In Hebrew.) Hassadeh 33:787-788. Sept. 1953. 

Peasopy, D. V. Preliminary investigations of chemical weed control in bulb 
crops. Nowest. Bulb Growers Assoc. Proc. Bulb Growers Short Course 
1953: 39-40. 

, Carstens, M. W., and Worre, H. H. Weed control in Marshall 
and Northwest strawberries. Wash. State Col. Ext. Misc. P. 11, 4 p. Nov. 
1953. 


. Petersen, H. I. Experiments in vegetable weed control. I. (In Danish.) 


Tidsskr. f. Planteavl 56:87-109. 1952. 
Pirone, P. P. A preview of garden chemicals for 1954. Flower Grower 41: 


33-36. Jan. 1954. 


. Priota, M., and Fauser, H. Chemical weed control in onions. Colo. Farm 


& Home Res. 4(3):8-9, 11. Sept./Oct. 1953. 

RiepMaA, P. The use of chemical weed control measures in rapeseed. (In 
Dutch.) Netherlands. Landbvoorlichtingsdienst. Landbvoorlichting. 10: 
437-438. Nov. 1953. 

Seety, C. I. Weed control in peas with herbicides. West. Weed Control 
Conf. Proc. 13:17-21, 1952. 

Smiru, O., Orsenico, J. R., and Gertscu, M. E. Les yerbicidas: arma eficaz 
en los cafetales. Lamatepec (ser. 2) 17:3896-3897. Nov. 1953. 

STAALDUINE, D. VAN. Control of weeds in horticultural plants. (In Dutch.) 
Groenten en Fruit 9:6-7. July 2, 1953. 

WestcaTe, W. Pre-planting weed control on sugar beet beds. Spreckels 
Sugar Beet B. 17:46. Nov./Dec. 1953. 
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18. 


. Wo re, H. H., and Peasopy, D. V. Weed control in bulbous iris, tulips, and 


King Alfred daffodils by pre-emergence application. Wash. State Col. Ext. 
Misc. P. 10, 2 p. Nov. 1953. 


Weeds in grasslands, including grass-legume pastures, rangeland, 
turf, lawns, and cemeteries 


. Aven, H. P., and Ocnicrree, W. The role of MCPA in the improvement 


of permanent pasture. Gt. Brit. Min. Agr. Agriculture 60:412-417, Dec. 
1953. 


. ALLrep, B. W. Influence of shrub invasion on U. S. rangelands. Internat. 


Grassland Cong. Proc. 6:578-584. 1952. 

Bioucn, R. M. Annual grass weeds succumb to chemical control methods. 
What's New Crops & Soil 6:9, 24. Oct. 1953. 

Bucnno.tz, K. P. Weed control in pastures and hayfields of the Eastern 
United States. Internatl. Grassland Cong. Proc. 6:1626-1631. Ref. 1952. 

Coste, A. C. Dette. Las malezas de los alfalfares y los hebicidas selectivos. 
Bolsa de Com. de Rosario. Rev. 41(1002):3-5. Oct. 15, 1953. 

FREDERIKSEN, H. Spraying weeds in grain interplanted with clover and lu- 
cerne. (In Danish.) Jydsk Landbr. 35:317-319. May 14, 1958. 

GLENDENING, G. E. Noxious plant contro] on Arizona rangelands. Ariz. 
Cattlelog 8(11):25-29. July 1953. 

GoonaseKEerA, G. C. M. Pastures under coconuts; the incidence of weeds. 
Ceylon Coconut Q. 4: 9-12. Jan./Mar. 1953. 


. Harris, V. C. Three-year study on chemical weed control in a permanent 


pasture. Miss. Agr. Expt. Sta. Inform. Sheet 484, 2p. June 1953. 

Hauser, E. W., SHaw, W. C., CHAMBLEE, D. S., and WoopHouse, W. W. The 
effect of 2,4—-D on the yield and botanical composition of Ladino clover- 
orchard grass pasture. Weeds 2:105-112. Apr. 1953. 

akosson, G. Control of undesireable vegetation in permanent pastures. 
(In Swedish.) Beten-Vallar-Mossar 5:125-128. Oct. 1953. 

PURMEREND. Rijkslandbouwconsolentschap. Bestrijdt het onkruid in uw 
grassland (Control weeds in your grassland). Netherlands. Dir. van de 
Landb. Vlugschr. v. de Landb. 33, 8 P- Nov. 1953. 

Ricuter, W., and Horz, W. Unkrautbekampfung a. d. griinland m. wuchs- 
stoffherbiziden. Praxis u. Forsch. 5:228-280. Nov. 20, 1953. 


. Rosertson, J. H. Important range weeds of the Great Basin from the eco- 


logical point of view. West. Weed Control Conf. Proc. 13:49-56. 1952. 


5. Srryckers, J]. Chemical weed control in permanent pastures. Internatl. 


Grassland Cong. Proc. 6:1636-1638. 1952. 

TemP_eMAN, W. G. Control of grassland weeds with 2-methyl-4-chlorophe- 
noxyacetic acid (MCPA or MCP) in Great Britain. Internatl. Grassland 
Cong. Proc. 6:1620-1625. 1952. 

Van Renssurc, H. J. Encroachment and control of shrubs in Africa in rela- 
tion to grassland development. Internatl. Grassland Cong. Proc. 6:585-591. 
1952. 

Vorvopin, A. V. Experiment in chemical control of meadow weeds. (In 
Russian.) Bot. Zhur. 38:575-578. Ref. July/Aug. 1953. 


. ZonpERWIJK, P. Chemical control of weeds in grasslands in the fall. (In 


Dutch.) CMC Melk 9(9):10-13. Aug. 22, 1953. 


Weeds in specialized areas, including ditchbanks, canal ditches, fencerows, 
rights-of-way, irrigation ditches, and cities 


. Baranek, P. The weed control program on irrigation systems. West. Weed 


Control Conf. Proc. 13:62-71. 1952. 

Bennett, R. R., Nau, H. H., and Hawks, S. N. Methyl bromide for weed 
and nematode control in plant beds. N.C. Agr. Col. Ext. Folder 101, 6 p. 
Sept. 1953. 

Consent, V. The weeds of rice plantations. (In Hungarian.) Budapest. 
Magyar Nemzeti Evk6én. (n.s.) 4:35-45. 1953. 

Dalapon—A new systemic grass killer introduced for control of industrial 
vegetation. Down Earth 9(3):10-11. Winter 1953. 
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5. 


SEALE, C. C., RANDOLPH, J. W., and GuzMAN, V. L. 2,4—D for post-emergence 
weed control in the Everglades. Fla. Agr. Expt. Sta. B. 532, 36 p. Dec. 1953. 


Woody plants 


Akuurst, C. G. Chemical weed control on rubber estates in Malaya. Plant 
Protect. Overseas Rev. 4:5-14. Sept. 1953. 

Crark, F. B., and Liminc, F. G. Sprouting of blackjack oak in the Missouri 
Ozarks. U. S. Forest Serv. Cent. States Forest Expt. Sta. Tech. Paper 137, 
22 p. Dec. 1953. 

Davip, R. Recherches sur l'utilisation du 2,4—-D et du 2,4,5-T pour le dé- 
broussaillement de la forét landaise. Terre d’Oc 35:384-402. Oct. 1953. 


. Hatt, C. W. Controlling upland hardwoods in South Carolina. Clemson 


Agr. Col. S. C. Ext. C. 385, 11 p. Nov. 1953. 

Heprick, D. W., Biswett, H. H., and Scnuttz, A. M. Response of brush 
seedlings to sprays of 2,4—-D and 2,4,5-T on burned chamise areas. Calif. 
Fish & Game 39:497-505. Oct. 1953. 

Leonarp, O. A. Chemical control of woody plants in California. Down 
Earth 9(3):2-4. Winter 1953. 

Martin, R. T. Basic considerations in chemical brush control. Hawaii. 
Sugar Technol. Rpt. 12:13-17. 1953. 


. Norris, J. J. Mesquite invasion. In U. S. Forest Serv. Southwestern Forest 


and Range Experiment Station. Ranch Day, October 12, 1953, p. 14-15. 
Ostiinp, N. Chemical brush control. (In Swedish.) Sveriges Pomol. Fér. 
Fruktodlaren 4:97-100. 1953. 
Pace, T. J. Weeding the woods; unwanted weed trees now can be controlled 
in valuable timber stands by treatment with esteron. Dow Diamond 
16(5):25-27. Dec. 1953. 


. Trevetr, M. F. Control of woody weeds in low-bush blueberry fields. 


Maine Agr. Expt. Sta. Mimeog. Rpt. 35, 15 p. Mar. 1953. 

VALENTINE, K. A. Review of results of mesquite control experiments on the 
college ranch. In U. S. Forest Serv. Southwestern Forest and Range Ex- 
periment Station. Ranch Day, October 12, 1953, p. 16-21. n. p., 1953. 

Winter brush killing possible with chemicals. Impl. & Tractor 68(25):26-27, 
66. Dec. 5, 1953. 

Aquatic weeds 


Aumap, N. Control of submerged vegetation in fish-ponds. Agr. Pakistan 
4:13-16. 1953. 

Geacan, D. W. Water hyacinths. La. Conserv. 6(2):12-14. Nov. 1953. 

SRINIVASAN, R., and Cuacko, P. I. The control of aquatic vegetation with 
‘24-D.’ Bombay Nat. Hist. Soc. J. 51:164-169. Dec. 1952. 


Specific weeds 


BanFieLD, G. L. Eradication of tall fescue (Festuca arundinacea) on Hauraki 
plains. New Zeal. J. Agr. 87:433, 435-436. Nov. 1953. 

Bioucn, R. M. New chemicals aid in control of perennial grass weeds. 
What’s New Crops & Soils 6 (4):9, 26. Jan. 1954. 

Brown, J. G. Parasite for salt-cedars (Monanthochloe littoralis) Ariz. Farm- 
er 32(20):22-23. Sept. 26, 1953. 

Coss, R. D. Japanese dodder, Cuscuta japonica Choisy. Calif. Dept. Agr. 
B. 42:164. July/Sept. 1953. 

Cock, R. E. Noxious weeds. Tasmanian J. Agr. 24:239-243. Aug. 1, 1953. 

Cook, C. W., and Stoppart, L. A. The Halogeton problem in Utah. Utah 
Agr. Expt. Sta. B. 364, 44 p. Ref. Nov. 1953. 

Dapp, C. V. Wild oats. Gt. Brit. Natl. Agr. Adv. Serv. Q. Rev. 21:1-7. 
Autumn 1953. 

DanteL, W. H. Chemical crabgrass controls in 1952. USGA J. & Turf 
Mangt. 6(5):25-28. Sept. 1953. 

DENMARK. Statens Forségsvirksomhed I Plantekultur. Control of wild oats. 
(In Danish.) Tidsskr. f. Planteavl 56:134-136. 1952. 

Eapie, I. M., and Rosinson, B. D. Control of ragwort (Senecio jacobaea) by 
hormone-type weedicides. Austral. Inst. Agr. Sci. J. 19:192-196. Sept. 1953. 


| 

| 


BIBLIOGRAPHY 303 


Erickson, L. C. The present status of the Halogeton problem. West. Weed 
Control Conf. Proc. 13:30-33. 1952. 


. Garatroni, E. Control of Cuscuta. (In Italian.) Agr. della Spezia 1 (10): 


5-7. Oct. 1, 1953. 


. Green, K. R. Fireweed (Senecio lautus). Agr. Gaz. N. S. Wales 64:527. 


Oct. 1953. 


. Gr. Brir. Ministry OF AGRICULTURE AND FisHeries. Stinging nettles. Gt. 


Brit. Min. Agr. & Fisheries. Adv. L. 47, amend., 5 p. July 1953. 

—————._ Thistles and their control. Gt. Brit. Min. Agr. & Fisheries. Adv. 
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Hopeson, J. M. Control of white top (Cardaria draba) by combined chem- 
ical, cropping, and tillage methods. West. Weed Control Conf. Proc, 13:9- 
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Horsten, C. G. Von. Preparations against dandelions. (In Swedish.) Lant- 
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to death. (In Swedish.) Lantmannen 37:970—972. Oct. 24, 1953. 


. Hotioway, J. K. Biological control of Klamath weed (Hypericum perfora- 


tum) in California. West. Weed Control Conf. Proc. 13:33-35. 1952. 
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Ireland. Dept. Agr. J. 114-133. 1951-52. 
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14:38-39, 46. June 1953. 


. Johnson grass, friend or foe. Farm Q. 8(4):60-61, 89-94. Winter, 1954. 


KaASAHARA, Y., and Kinosuita, O. Studies on the control of the barnyard 
grass on the paddy field. (In Japanese.) Crop Sci. Soc. Japan. Proc. 21: 
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Sta. Paper 11, 23 p. Aug. 1953. 


7. Lousrator, A. ]., Cruzapo, H. J., and Muzik, T. J. Effect of CMU on nut- 
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MAcFar.an, J. Hormone weedkillers for rush (Juncus) control. Scot. Agr. 
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Skxociey, C. R. Chickweed in alfalfa. East. Feed Merchant 5:42, 44. Jan. 
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SrockpiLt, S. M. J. Promising results in couch (Agropyron repens) control 
trials. New Zeal. J. Agr. 87:206. Sept. 15, 1953. 

Trompson, F. B. Hormone weed-killers are a match for most species of 
rushes. New Zeal. Dairy Exporter 29(3):53-54. Sept. 1953. 


. Timmons, F. L., and Ler, W. O. Chemicals will control two serious weed 
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Div. Wood Technol. Tech. Notes 6(3/4):8-10. 1952. 
WarrEN, R., and Freep, V. Leafy spurge: Euphorbia esula. Oreg. State 
Col. Ext. B. 735, rev.,4 p. July 1953. 
> - Quackgrass: Agropyron repens. Oreg. State Col. Ext. 
B. 734, rev.,4 p. July 1953. 
» White top. Oreg. State Col. Ext. B. 733, rev., 4 p. 
July 1953. 


Wiese, A. F. The phytotoxicity of isopropyl N-phenyl carbamate and re- 
lated compounds on wild oats (Avena fatua) and their selective action on 
several crop plants. Diss. Abs. 13:619-620. Oct. 1953. 


. Worccier, W., and STAEHELIN, M. La lutte contre les lampés. Rev. Ro- 


mande d’Agr. de Viticult. et d’Arboricult. 9:77-79. Oct. 1953. 
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Woop, P. R. Determination of maleic hydrazide residues in plant and 
animal tissue. Analyt. Chem. 25:1879-1883. Dec. 1953. 
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Beatu, O. A., and Giisert, C. S., Eppson, H. F., and Rosenrexp, I. Poison- 
ous plants and livestock poisoning. Wyo. Agr. Expt. Sta. B. 324, 94 p. 
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India. Bombay Nat. Hist. Soc. J. 50:610-617. Apr. 1952. 
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Garpner, C. A., and Bennetts, H.W. The toxic species of the genus Euphor- 
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louse) 104:625-629. Nov. 1953. 


. Price, J. R. Recent chemical work on Australian stock poison plants. Roy. 


Austral. Chem. Inst. Proc. 20:105-106. July 1953. 
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Fla. Agr. Expt. Sta. C. $-58, 8 p. July 1953. 
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Oregonian, Farm, Home & Gard., Sept. 27, 1953:13. 
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CHaPrMAN, V. J. Seaweed resources of New Zealand. (Abs.) Internatl. Sea- 
weed Symposium. Proc. 1:111-112. 1952, pub. 1953. 

CHIDAMBARAM, K., and Unny, M. M. Note on the value of seaweeds as 
manure. (Abs.) Internatl. Seaweed Symposium, Proc. 1:67-68. 1952, pub. 
1953. 


. Ercneverry, H. Seaweed resources of Chile. (Abs.) Internatl. Seaweed 
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Proc. 1:96. 1952, pub. 1953. 
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Internat]. Seaweed Symposium. Proc. 1:75-76. 1952, pub. 1953. 
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Smitn, N. G. What good are weeds? Farm & Gard. Digest 3(4):18-22. 
Sept. 1953. 

Sorpina, J. B. Seaweeds of the Island of Corfu. (Abs.) Internatl. Seaweed 
Symposium. Proc. 1:24. 1952, pub. 1953. 

Suto, S. Seaweed production and phycological research in Japan. (Abs.) 
Internatl. Seaweed Symposium Proc. 1:96-99. 1952, pub. 1953. 

Vetasquez, G. T. Seaweed resources of the Philippines. (Abs.) Internati. 
Seaweed Symposium. Proc. 1:100-101. 1952, pub. 1953. 

Watker, F. T. Summary of seaweed resources of Great Britain. (Abs.) 
Internatl. Seaweed Symposium. Proc. 1:91-92. 1952, pub. 1953. 

Woon, E. J. F. Potentialities of Australian seaweed resources. (Abs.) In- 
ternatl. Seaweed Symposium. Proc. 1:110-111. 1952, pub. 1953. 
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. Arroyave, Varcas, G. Influencia de los diferentes herbicidas como pre- 


tratamientos sobre la tierra. Acta. Agron. (Palmira) 3:209-228. Ref. Oct. 
1953. 


. Broucn, R., and Futts, J. The influence of soil type on the selective action 


of chloro-IPC and sodium TCA. Weeds 2:119-124. Apr. 1953. 


. Boumont, D. W. Shale oil's possibilities in farming. Wyo. Roundup 1:3. 


Summer 1953. 


. Corns, W. G. A progress report on pre-harvest chemical top-killing of le- 


gume seed crops. Canada. Expt. Farms Serv. West. Forage Crops Comt. 
Rpt. 1953: 176-177. 

—————.. The use of various contact herbicides for the pre-harvest top- 
killing of alfalfa, alsike clover and red clover; report of 1952 experiments. 
Agri-Chem. Rev. 1(8):8-9. July 1953. 

Danietson, L. L. Application of granular herbicides in field triais. Va. 
Agr. Col. Ext. Veg. Growers News 8(4):1, 3. Oct. 1953. 


. Freep, V. H. IPC and chloro IPC as representative carbamates as herbicides. 


West. Weed Control Conf. Proc. 13:21-27. Ref. 1952. 


. Feexes, F. H. Selective weed control with isopropyl-N-phenyl carbamate 


(IPC) and sodium-iso-propyl xanthate (NIX). (In Dutch.) Gent. Land- 
bhogesch. Meded. 18:455-476. May 5, 1953. 

Linc, L. Hormonas herbicidas. Mensajero Agr. 83:42-43. (Cont.) June 
1953. 

McGirr, J. L., and Parwortn, D. S. Toxic hazards of the newer insecticides 
and herbicides. Vet. Rec. 65:857-862. Ref. Nov. 28, 1953. 
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4-chloro-o-toloxyacetic acid). St. Louis, 1952. 11 p. (Its Technical Data 
Sheet. Dec. 1952.) 


- Moore, D. H., Georcr, D. K., Martin, V. O., and GarMAN, J. A. Carbamate 


herbicides: evaluation of three carbamate herbicides in comparison with 
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PortsmMoutH, G. B. Weedicides. Ceylon. Tea Res. Inst. Tea Q. 24:33-34. 
June 1953. 


. SuHarp, S. S., Swincce, M. C., McCatt, G. L., Weep, M. B., and Cowart, L. E. 


A new herbicide, phenyldimethylurea. DuPont de Nemours, E. I. & Co. 
Agr. News Ltr. 21:103-106. Nov./Dec. 1953. 

Tuomson, R., and McLrop, A. G. Use of methyl bromide for the control 
of weeds in tobacco seedling beds. New Zeal. J. Sci. & Technol. A, Agr. 
Res. Sect. 35:146-151. Aug. 1953. 


. Voros’ev, F. Chemical method for controlling weeds. (In Russian.) Kolk- 


hoz. Proizvodstvo 13(5):35-36. May 1953. 

Wacner, C. R., HAmMMer, C. L., and Sett, H. M. Some new esters of 2,4-di- 
chlorophenoxyacetic acid and their herbicidal activity. Amer. Chem. Soc. 
J. 75:4861-4862. Oct. 5, 1953. 


. Wirman, E. D. The story behind the herbicide Chloro-IPC. Agr. Chem. 


8(10):50-52. Oct. 1953. 
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1. Crospiz, C. J. Protecting sprayer operators from poisoning. New Zeal. J. 
Agr. 87:317-319. Oct. 15, 1953. 

2. Decker, G. C. Toxic hazards of pesticides to man. Nature (London) 172: 
1125-1127. Dec. 19, 1953. 

3. Jacossson, G. Control of weeds, brush and berry bushes with regard to the 
risk of injuries to bees and bumblebees. (In Swedish.) Sweden, Stat. 
Vaxtskyddsanst. Vaxtskyddsnot. 2:28-30. June 1953. 

4. NickeLL, L. G., and Encuisn, A. R. Effect of maleic hydrazide on soil bac- 
teria and other microorganisms. Weeds 2:190-195. Ref. July 1953. 


VIII. EqQuipMent, MeTHops OF APPLICATION, AND HERBICIDAL CALCULATIONS 


1. Buatia, K. S. Hydraulic bulldozer aids in battle for mastery of nature. 
Food & Farming 5:342-343. Oct. 25, 1953. 
Cameron, A. E. Spraying machines. Citrus News 28:131, 133. Oct. 1953. 
CHAMPAGNE, E. G. Covers protect small trees when spraying weeds with 
herbicides. U. S. Forest Serv. Cent. States Forest Expt. Sta. Notes 79, 2 p. 
Sept. 1953. 
4. Coox, D. B. A simple device for applying Esteron 245. Down Earth 9(3):5. 
Winter 1953. 
5. Gipss, R. The battle of the sagebrush busters. Pop. Mech. Mag. 101:114- 
118, 258, 260. Jan. 1954. 
6. Gowper, M. T., and Scuwas, D. P. Low-pressure sprayers and dusters for 
the farm. Tenn. Agr. Col. Ext. P. 347, 20 p. May 1953. 
7. Locan, A. V., and Opett, N. R. A synthesis of C* carbonyl labeled 3-(para- 
8 


chlorophenyl!)-1, 1-dimethylurea. Weeds 2:135-137. Apr. 1953. 
. Lyman, R. A., and Sykes, W. E. The Johnston chain drag for clearing brush 

from range land. J. Range Mangt. 7:31-32. Jan. 1954. 

9. S@reNseN, A. Maintenance of sprayers. (In Danish.) Erhvervsfrugtavleren 
20:53-54. Dec. 1, 1953. 

10. Tuxey, L. D., and WitttaMs, O. Small sprayer for application of weed kill- 
ers may be built in farm shop. Sci. Farmer (n.s.) 1 (2):14-15. Fall 1953. 

11. Wore, H. H., and Rasmussen, L. W. A farm sprayer for weed control. 
Wash. State Col. Ext. Misc. P. 12, 16 p. Nov. 1953. 


IX. Lecat Aspects 


1. Muntow, J. Change in regulations with regard to the protection of pol- 
linating insects. (In Swedish.) Sweden Stat. Vaxtskyddsanst. Vixtskyd- 
dsnot. 1:15-16. Apr. 1953. 
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